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Amp ; ampicillin 
APS ; ammonium persulfate 
ART ; Arestin-Related Trafficking 
ATP ; adenosine triphosphate 
BiFC ; bimolecular fluorescent complementation 
BPB ; bromophenol blue 
DNA  ; deoxyribonucleic acid 
EDTA  ; ethylenediaminetetraacetic acid 
ESCRT  ; Endosomal Sorting Complex Required For Transport 
ER  ; endoplasmic reticulum 
GFP  ; green fluorescent protein 
GPCR  ; G protein-coupled receptor 
GRC  ; gap repair cloning 
HECT ; Homologous to E6-AP Carboxy Terminal 
IgG ; immunoglobulin G 
MVB ; multivesicular body 
ORF  ; open reading frame 
PAGE  ; polyacrylamide gel electrophoresis 
PCR  ; polymerase chain reaction 
PEG  ; polyethylene glycol 
PVDF  ; polyvinylindene fluoride 
RNA  ; ribonucleic acid 
SDS ; sodium lauryl sulfate 
TCA ; trichloroacetic acid 
TEMED ; N,N,N’,N’-tetramethylethylenediamine 
TGN ; trans-Golgi network 
Tris ; tris(hydroxymethyl)aminomethane  












????????????  ??????????? ; DeRisi et al., 1997???????
??????????????????????????????????????
???????? AMP ???????????????????? Snf1 ?????
?????????????????  (Hardie et al., 1998)??? Snf1? Sak1? Tos3?
Elm1 ????????????????????????????????  (Hong 
et al., 2003; Sutherland et al., 2003)?????????????? Adr1 ? Cat8 ????
????????????????? Snf1 ???????????????????
?? 200 ??????????????????????????  (Young et al., 
2003)?Adr1 ??????????????β-??????????????????





??−????????? Sfc1 ??????????????? Jen1 ???????
?????????????  (Haurie et al., 2001)?????????????????
?????????????????????????????????????、
?? 40%????????????????????????????  (Yin et al., 
2003)????????????????????????????????????
??????????????????????????????????????
?????????  (Yin et al., 2003)????????????Cys2His2 zinc-finger ?
??????? Mig1 ????????Cat8 ??????????????????
????????????  (Gancedo, 1998; Zaragoza et al., 2001; Young et al., 2003)?
Mig1 ????????????????????????????????????
?????????? Mig1 ??????????????????????????
???????????????????????????????????  (DeVit 
and Johnston, 1999; Shashkova et al., 2017)????????????????????
?????Cat8 ? Snf1 ???????????????????????????
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Mig1 ? Snf1 ????????????????????????  (Hedges et al., 
1995; Randez-Gil et al., 1997)???????????????Reg1−Glc7 ??????
?? Mig1 ?????????????????????  (Rubenstein et al., 2008)?  
? ?????????????????????????????????????
??????????? Icl1?Mdh2?Pck1 ? Fbp1 ?????????????  
(López-Boado et al., 1987; Hung et al., 2004; Brown et al., 2010)????????????
??????????????????????????????? Jen1 ? Stl1??
?????????????????????????????????????  
(Paiva et al., 2002; Ferreira et al., 2005)??????????????????????
????????????????????  (Horák, 2013)????????????
?????? Icl1?Mdh2?Pck1 ? Fbp1 ??????????? GID (glucose-induced 
degradation-deficient)?????????????????????????????
?????? 8 ??????????? GID ??????????RING ? E3 ???
????????????????????????????????????  
(Hämmerle et al., 1998; Santt et al., 2008; Menssen et al., 2012; Chen et al., 2017)?????
???????????????Fbp1 ? Mdh2 ?????????????????
?????????????  (24h)???????????????????????  




????????????????????????????  (Andrade and Casal, 





























??????????????????????????????  (Merrifield and 










Multivesicular body (MVB)?????????????????  
? ??????????????????????????????????Neuronal 
precursor cell expressed developmentally down-regulated protein 4 (Nedd4)???????





??????????????????????????????????  (Lauwers 
et al., 2010)?  
? ?????????????????????????????????????
?????  (Table 1)?????????????????????????????
??????????????????????????????????????
???? Ede1 ?????????????ubiquitin-associated (UBA)????????
?????? Ede1 ??????????????????Ubiquitin regulatory X ??
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????? Ubx3 ??Ubx3 ?????????????????? Cdc48 ?????
??????????????  (Farrell et al., 2015)????????????????
??? Ubp2 ??? Ubp7 ??Ede1 ???????????????????????
??Ubp2 ? Ubp7 ??? Ede1 ?????????????????????????
??????????????????????????????????????
?  (Weinberg and Drubin, 2014)??? Ede1???????????????? Ent1??
??????????????????????????????????????
?????????????????????????  (Shih et al., 2002; Aguilar et 
al., 2003; Toshima et al., 2009)?Ent1 ??? Ent2?Ent1 ??????????????
????  (ubiquitin interacting motif (UIM))?????????????ENT2 EDE1 ?
??????????? Ent1 ? UIM ????????α-??????? Ste2 ???
???????????????????????  (Shih et al., 2002; Toshima et al., 
2009)??????????????????????????? Sla1 ? Rvs167 ??
Rsp5 ???????????????????  (Stamenova et al., 2004)?????Sla1
??SH3 ??????????????????????????????????
???????????  (Stamenova et al., 2007)????Sla1 ? SH3 ???????
???????????????????? PXXP ???????????????
?????????? SH3 ???????????PXXP ????????????





(Pickart and Eddins, 2004)??????????????? 48 ????? 63 ????












?????? MVB ??????????????????????????  
(Risinger and Kaiser, 2008)???????????????????????????
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??????????????????????????????????????
???????????????  (Eden et al., 2012)???????????????
???????????????????????????????????  
 
?Rsp5 ???????????????????  
? ???????????????????????????????  (E1)????
???????  (E2)??????????  (E3)? 3 ???????????????




?? Nedd4 ???????? Rsp5 (Huibregtse et al., 1995)? E3 ??????????
?????????????Rsp5 ? HECT (Homologous to the E6-AP Carboxyl Terminus)
? E3 ?????????????C ????????????????? HECT ??
???????????Nedd4 ???????????????? PY ?????PPXY
????? PXY ????????????????????????????? WW
????? 2?4 ???????????Rsp5 ? 3 ?? WW ???????????  
(Bedford et al., 1997; Boase and Kumar, 2015)????????Nedd4 ????????





???????????????  (Lauwers et al., 2010)?α-????????????
???????????????10 ? ART (Arrestin-Related Trafficking adaptor)???
???????????????????  (Lin et al., 2008; Nikko and Pelham, 2009)?
???Bul1?Bul2?Bul3(Merhi and Andre, 2012; Novoselova et al., 2012)??? Spo23 
(Aubry and Klein, 2013)????????????????????????????
?????????????α-????? TXNIP ? ARRDC1/3/4 ? G ???????
????  (GPCR)???????β integrin????????????????????
??????????????????????????????????  (Parikh et 
al., 2007; Draheim et al., 2010; Nabhan et al., 2010; Patwari et al., 2011; Wu et al., 2013; 
Waldhart et al., 2017)?α-??????????????? N ????? C ??
arrestin-fold ??????????? PY ?????????????????? PY
???????? Nedd4 ???????????????????????????
???????????????????????????????Bsd2?Tre1/2?
Ear1?Ssh4 ???? PY ???????????????????????????






????? ROD1 ???????????????? Jen1 ????????????
????????????2010????????? Becuwe ???????Jen1 ???
????????????????????? Rod1 (Art4)????????????
?  (Becuwe et al., 2012)?????????? Jen1 ?????????????Rod1
???? Bul1?Bul2 ?????????????????????????2011??
??????????????? Rsp5 ?????Ear1 ? Ssh4 ? Jen1 ? MVB ???
???????????????????????2008??????????Rod1 ?
????????? trans-Golgi network (TGN)???? Jen1 ????????????
??????????????????????  (Becuwe and Léon, 2014)?TGN ??
???Gga (Golgi-associated, γ-adaptin homologues, Arf-binding)???????????
????????????????????????????????????TGN
???????????????????  (Scott et al., 2004)?Becuwe ?????Rod1







???  (Becuwe et al., 2012)?????????Snf1 ????? Reg1−Glc7 ?????
??? Jen1 ?????????????????????????????????
????????????????????????????? Snf1 ??? Rod1 ?
???????????????????????????????Rod1 ? Reg1−Glc7
???????????Jen1 ??????????????  (Figure 1, Shinoda and 
Kikuchi, 2007; Becuwe et al., 2012)?  
? ?????????????????????????????????????
????????????????????????????????  (MacGurn et 
al., 2011; Merhi and André, 2012; O'Donnell et al., 2013; Alvaro et al., 2016)?????Gap1
???????? Bul1 ?????????? Npr1 ???????????????
????????????????????? Npr1 ???????????????
???? Bul1 ? Gap1 ???????????????? Bul1 ???????? Sit4
???????????????????????  (O'Donnell et al., 2013)?????
??Bul ????????????????????? Art1 ? Art2?Art3 ??? Npr1
??????????????????????????  (MacGurn et al., 2011)?
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Npr1 ? Target of rapamycin ??? 1 (TORC1)??????????????????
??????????????????????? TORC1 ????????????
??????????????????????????????????????
??????????? TORC1 ??????????Npr1 ???????????
????????????????????????????????Npr1 ????
?????????????? Sit4 ???????????????  (Figure 1, 












Table 1 Key endocytic proteins in yeast 
Steps of Clathrin-mediated endocytosis  Proteins 
Early protein Ede1 Syp1 Hrr25 
Early coat Clathrin AP-2 complex Yap1801 Yap1802 Pal1 
Mid coat Sla2 Ent1 Ent2 
Late coat Pan1 End3 Sla1 Lsb3 Lsb4 Ubx3 Lab5 Gts1 
WASp and myosin Las17 Bzz1 Scd5 Vrp1 Ldb17 Myo3 Myo5 Bbc1 Ubp7 Aim21 
Actin Arp2/3 Act1 Abp1 Twf1 Scp1 Sac6 Abp140 Aim3 Cap1-Cap2 Ark1 Prk1 Cof1 Aip1 Inp52 
Scission Rvs161-Rvs167 Vps1 
 























FIGURE 1.  A model pathway for controlling the cycling of adapter protein (Rod1, Ldb19, 
and Bul1) between a phosphorylated inactive state and a dephosphorylated active state. 
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????  
Jen1 ?????????????????????????????????  
 






?????????????????? HECT ? E3 ????????? Rsp5 ???
????????????????????Rsp5 ????????? 14 ??α-???
??????????????????????????????????  (Lin et 





??????????????????????????? Itr1 ???? ART ???
???????? Art5 ????????????????????????Art5 ??




???????????????? Ldb19 (Art1)?????? Ecm21 (Art2)? Rsp5 ?
????????????????????????Lin et al., 2008; Nikko and Pelham, 
2009??  
? ???????????? Smf1 ????????? Mup1???????????
?? Hxt6 ??????????????????????????????????
???????(Smf1−Ecm21?Mup1−Ldb19?Hxt6−Rod1?Hxt6−Crs2 (Art8))?????
??  (Lin et al., 2008; Nikko et al., 2008; Llopis-Torregrosa et al., 2016; Hovsepian et al., 
2017)?????Mup1 ???????????? Mup1 ? N ???????????
?????????????????????????(Guiney et al., 2016)?????
Mup1 ? Ldb19 ????????????????????????????????
??????????????????????????????????????
? Jen1 ???????????????????????????????? Jen1
???????????????????????Becuwe ????????????
??????????????????????????????????????
???α-????? ROD1/ART4 ???????????????? Jen1 ?????
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????????????Fig. 2???  2010?Becuwe et al., 2012?????????
???????Rod1 ???? Bul1?Bul2 ???????????????????
??????2011???????????????????? Jen1 ????????
?????????????? Rod1?Bul1/2 ? Jen1 ????????????  
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2. ?????????  
 
2-1 ????  
?????????  Saccharomyces cerevisiae BY4742 ?????????????
???????????? Yeast MATα collection (Open Biosystems)?????????
? Table 2 ?????  
 
 
2-2 ????  
? ?????????????????????????????????????
????  (Millipore, Millex® Syringe-driven Filter Unit)??????????????
??????????????????????????????????????
??????????????????????????????????????




2-3 ??  
? ?????????Luria Broth (LB)??  (1.0% Bacto tryptone, 0.5% Bacto yeast extract, 
0.5% NaCl)?2×YT ??  (1.6% Bacto tryptone, 1% Bacto yeast extract, 0.5% NaCl)????





(1) YPD ?? ; 1% Bacto yeast extract, 2% polypepton, 2% glucose????????100 
µg/mL clon NAT (nourseothricin)?????   
(2) synthetic complete (SC)?? ; 0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid 
and ammonium sulfate, 0.5% ammonium sulfate, 0.5% casamino acid, 2% glucose, 0.002% 
Ura, 0.002% Ade, 0.002% Trp 
(3) SC-Ura ?? ; 0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid and ammonium 
sulfate, 0.5% ammonium sulfate, 0.5% casamino acid, 2% glucose, 0.002% Ade, 0.002% 
Trp 
(4) SC-Leu ?? ; 0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid and ammonium 
sulfate, 0.5% ammonium sulfate, amino acids (0.002% Arg, 0.010% Asp, 0.010% Glu, 
0.008% Ile, 0.012% Lys, 0.002% Met, 0.005% Phe, 0.040% Ser, 0.020% Thr, 0.006% Tyr, 
0.015% Val), 0.002% His, 0.002% Trp), 0.002% Ura, 0.002% Ade, 2% glucose 
(5) SC-His ?? ; 0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid and ammonium 
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sulfate, 0.5% ammonium sulfate, amino acids (0.002% Arg, 0.010% Asp, 0.010% Glu, 
0.008% Ile, 0.012% Lys, 0.002% Met, 0.005% Phe, 0.040% Ser, 0.020% Thr, 0.006% Tyr, 
0.015% Val), 0.002% Leu, 0.002% Trp), 0.002% Ura, 0.002% Ade, 2% glucose 
(6) SC-Ura/Leu ?? ; 0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid and 
ammonium sulfate, 0.5% ammonium sulfate, amino acids (0.002% Arg, 0.010% Asp, 
0.010% Glu, 0.008% Ile, 0.012% Lys, 0.002% Met, 0.005% Phe, 0.040% Ser, 0.020% Thr, 
0.006% Tyr, 0.015% Val, 0.002% Trp), 0.002% Ade, 2% glucose 
(7) SLac ?? ;0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid and ammonium 
sulfate, 0.5% ammonium sulfate, 0.5% casamino acid, 0.5% DL-lactate, 0.002% Ura, 
0.002% Ade, 0.002% Trp 
(8) SLac-Ura ?? ;0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid and 
ammonium sulfate, 0.5% ammonium sulfate, 0.5% casamino acid, 0.5% DL-lactate, 
0.002% Ade, 0.002% Trp 
(9) SLac-Ura/Leu ?? ; 0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid and 
ammonium sulfate, 0.5% ammonium sulfate, amino acids (0.002% Arg, 0.010% Asp, 
0.010% Glu, 0.008% Ile, 0.012% Lys, 0.002% Met, 0.005% Phe, 0.040% Ser, 0.020% Thr, 
0.006% Tyr, 0.015% Val, 0.002% His, 0.002% Trp), 0.5% DL-lactate, 0.002% Ade 
(10) SGE-Ura; 0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid and ammonium 
sulfate, 0.5% ammonium sulfate, 0.5% casamino acid, 0.002% Ade, 0.002% Trp, 2% 
glycerol, 3% ethanol 
 
 
2-4? ????????  
DNA ? ? ? ? ? ? ? ? ? ? ? ? DH5α (F-, Φ80dlacZΔM15, 
Δ ( l a c Z Y A - a r g F ) U 1 6 9 ,  d e o R ,  r e c A 1 ,  e n d A 1 ,  h s d R 1 7 ( r K - ,  m K + ) ,  p h o A ,  s u p E 4 4 ,  λ - ,  
thi-1, gyrA96, relA1)?????????????????????????????
?? Inoue ???????????  (Inoue et al., 1990)??????-80°C ??????
????????????? 50 µL (5.0?7.5 OD600/mL)????????DNA ???
?????????? 30 ??????42°C ?????????? 30 ???????
?? 2 ????????? LB+amp ?????????37ºC ?? 12 ???????  
 
 
2-5? ????−SDS ????????? DNA ???  
????????????????????????2 mL ? 2×YT?amp ????
???37ºC ?? 12 ?????????????1.5 mL ????? 1.5 mL ?????
?????? 20,400 × g ? 1 ????????????????????? 100 µL ?
Solution I?25 mM Tris-HCl?pH8.0??10 mM EDTA?50 mM ????????????
?? 200 µL ? Solution II?0.2 N NaOH?1% SDS?????????????? 3 ??
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?????????150 µL ? Solution III?3M ???????11.5% ???????
???????????150 µL ? 10 M ????????????????????
??? 4°C ???? 20,400 × g ?  5 ?????????? 600 µL ???? 1.5 mL ?
???????????????? 600 µL ???????????????????
?????? 15 ????????????? 4°C ???? 20,400 × g ? 5 ?????
??????????? 80%?????? 1 mL ?????????? 20,400 × g ? 5
????????????????????????????????????? 20 
µL/mL? RNase A??? 100 µL ? TE ????10 mM Tris-HCl (pH 8.0)?1 mM EDTA?
?????????? DNA ??????  
 
 
2-6? ???????  
2-6-1? ?????????????  (Amberg et al., 2005)  
YPD ????? 2 ?????????? 5 mL ? YPD ?????? 30°C ????
???????????????????5 mL ? YPD ??? OD600 = 0.4 ?????
?????OD600 = 1.0 ~ 1.5 ????? 30°C ?????????????? 15 mL ?
???????????600 × g ? 2 ??????????????????????
1 mL ??????????1.5 mL ????????????2,300 × g ? 1 ?????
????????????????????240 µL ? 50% PEG4000 (Sigma-Aldrich)?
36 µL ? 1 M ???????25 µL ? 2 mg/mL ???? DNA???????DNA ??
????????????????????????????????????? DNA
????? 5 ?????????????????????????? 30°C ? 30 ?
?????????????42°C ? 20 ????????????????????
???? 2,300 × g ? 1 ????????????????????????????
????? 30°C ? 2?3 ???????????????????????????
?????????????  
 
2-6-2? ???????????????  
?????????????????????????????????????
??????????????????????????????????????
????5 ?????????????????????  
????? 5 mL ? YPD ??????????????????????????
???? 5 mL ? YPD ??? OD600 = 0.4 ??????????OD600 = 1.0 ~ 1.5 ???
?? 30°C ?????????????? 15 mL ????????????600 × g ? 2
??????????????????????1 mL ???????????1.5 mL
????????????2,300 × g ? 1 ????????????????????
?????400 µL ? 50% PEG4000?100 µL ? 5 × TELiAc ?50 mM Tris-HCl (pH 8.0)?
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5 mM EDTA?0.5 M ????????25 µL ? 2 mg/mL ???? DNA ???????
??????????????????? DNA ????? 5 ???????????
????????????????? 105 µL ??????????????0.5 µL ?
????? DNA ??????????????? 30°C ? 30 ???????????
???42°C ? 20 ?????????????2,300 × g ? 1 ???????????




2-7? ?? DNA ???  
2-7-1? ????? DNA ???  
????? YPD ??? SC ????????????5 mL ??????? 15 mL ?
????????????600 × g ? 2 ?????????????????? 0.2 mL
? lysis buffer ?2% Triton X-100?1% SDS?100 mM ????????10 mM Tris-HCl 
(pH 8.0)?1 mM EDTA?????????? 0.2 mL ???????????????
?????????  (25 : 24 : 1)???????????? 0.3 g???????  (ϕ0.5 
mm)???? 3 ???????????????????????? 0.2 mL ? TE ?
?? 5 ?? 20,400 × g ???????????????? 1.5 mL ?????????
??? 1 mL ?−20°C ????? 100 %????????????????? 20,400 × g
? 5 ???????????????????????? 80???????????
? 20,400 × g ? 5 ???????????????????????????????
????20 µL/mL ? RNase A ??? 500 µL ? TE ??????  
 
2-7-2? ??????? DNA ??????  
? ????? SC ????????????1.5 mL ??????? 1.5 mL ?????
????????2,300 × g ? 1 ?????????????????? 0.2 mL ? lysis 
buffer (2% Triton X-100?1% SDS?100 mM ????????10 mM Tris-HCl(pH 8.0)?
1 mM EDTA)????????? 0.2 mL ????????????????????
????  (25 : 24 : 1)???????????? 0.3 g???????  (ϕ0.5 mm)???
? 3 ???????????????????????? 5 ?? 20,400 × g ?????
?????? 1.5 mL ????????????? DNA ??? GENECLEAN Kit 
(Q-Biogene)????????10 µL ? TE ???????? 1 µL ?????????
???????????????????? DNA ??????  
 
 
2-8? ????? DNA ???  
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? ????????????? Table 4 ????????????????? DNA ?
????????????????????????????????????  (GRC)
?  (Oldenburg et al., 1997)????????Jen1 ? Rod1 ?????????????
?????????????? DNA ?????????? GRC ?????????
???DNA ????????????? DNA ?????????????????
????????????? Table 5 ??????  
 
2-8-1? ????????????????? DNA ???  
? PCR ?????????? DNA ?????????????? DNA ??????
??????? DNA ?????????????? DNA ????????????
??????????????????????????????????????
????????????????????GENECLEAN Kit (Q-Biogene)????
DNA ??????????????? 3 : 1??????  : ????????????
??? DNA ????DNA Ligation Kit< Mighty Mix >????????? Ligation Mix
?????? 16°C ? 30 ????????????? 5.0 µL ???????????
?????????????????? DNA ??????  
 
2-8-2?  GRC ????????? DNA ???  
? GRC ????????????????????????????????DNA ?
????? DNA ?????????????????????? DNA ??????
?????DNA ?????? 15 bp ??????????????????????
??????????? DNA ??????DNA ?????????????????
???????????????????????????????????????  
? ????? DNA ? BY4742 ????? DNA ?????? DNA ??? DNA ???
PCR ?????????????DNA ???????? Q5 High-Fidelity DNA 
polymerase???????????????????????????98°C ? 30 ??
????98°C ? 10 ??60°C ? 20 ??72°C ? X ??X=30 ?×1 kb?? 30 ?????
??????? 72°C ? 2 ???????????????????????????
?? DNA ????????  
Template DNA 0.5 µL 
10 µM Forward primer 1.0 µL 
10 µM Reverse primer 1.0 µL 
5 x Q5 buffer 4.0 µL 
2.5 mM dNTP mix 1.6 µL 
Q5 High-Fidelity DNA polymerase 0.2 µL 
???  11.7 µL 
total 20.0 µL 
? ?????????????????????????????????????
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DNA ??????????????????????????????? DNA ??
?????????????????GENECLEAN Kit (Q-Biogene)??? FastGene 
Gel/PCR Extraction Kit?????????????????????????????
?? DNA ?????DNA ???? 50: 1 ????????????????????
???????????  
 
2-8-3? pRS316−Jen1−GFP (pSF3)???  
? ????????? DNA??? DNA???????????? ST13? ST25??
?? JEN1 ???????? DNA ???????? DNA ??? pRS316-GFP-ADH1t
? SacI ? EcoRI ??????????????????? pRS316−Jen1−GFP ???
???  
 
2-8-4? pRS316−GFP−Jen1 (pSF57)???  
? ????????? DNA ??? DNA ???????????? DS16-r ? ST25 ?
??? JEN1 ??????????????? DNA ?????????? DNA ??
? SpeI ? BamHI ??????????????????? DNA ??? DNA ???
????????? DS15 ? DS16 ???? JEN1 ????????????????
???????????? DNA ??? BamHI ? EcoRI ????????? DNA ??
??SpeI ? EcoRI ????? pRS316 ????????????????JEN1 ???
? ? ? ? ? ? ? ? ? ? ORF ? ? ? BamHI ? ? ? ? ? ? ? ? ? ?
pRS316−JEN1p−BamHI−JEN1−JEN1t ?????????GFP ??????????
BamHI ????????????? GFP ??? BamHI ??????????
pRS316−JEN1p−BamHI−JEN1−JEN1t ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
pRS316−GFP−Jen1 ??????  
 
 
2-9? rod1Δ jen1Δ??????bul1Δ bul2Δ jen1Δ??????rod1Δ bul1Δ bul2Δ jen1Δ?
???????  
? JEN1 ????????? Schizosaccharomyces pombe ? his5+???  (pUG27?   
(Gueldener et al., 2002))??? nourseothricin ???? natNT2 ???  (pFA6a–natNT2,  
(Janke et al., 2004)??????????????3’????????????????
???? 5'?? JEN1?????????????????????????????
????????????????  (Table 3)?pUG27 ??? pFA6a–natNT2 ???
DNA ??????????? PCR ?????DNA ???????? Ex-Taq DNA 
polymerase????????????95°C ? 2 ??????95°C ? 30 ??58°C ? 30
??72°C ? X ??X=60 ?×1 kb?? 30 ???????????? 72°C ? 5 ????
???JEN1 ????????????????????  
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plasmid DNA  0.5 µL 
10 µM Forward primer (ST16) 2.5 µL 
10 µM Reverse primer (ST17) 2.5 µL 
10 x Ex-Taq buffer 5.0 µL 
2.5 mM dNTP mix 4.0 µL 
5 U/µL Ex-Taq DNA polymerase 0.5 µL 
???  35.0 µL 
total 50.0 µL 
 
? 2-6-1 ??????? PCR ?? 50 µL ?????rod1Δ??HKY37 ??YTS354 ?  
??????????????? 2-7-1 ???????? DNA ?????PCR ???
?? JEN1 ????????????????PCR ???????????????  
 
genomic DNA 0.5 µL 
10 µM Forward primer (SHO69) 0.5 µL 
10 µM Reverse primer (oTAKA104) 0.5 µL 
10 x Ex-Taq buffer 1.0 µL 
2.5 mM dNTP mix    0.8 µL 
5 U/µL Ex-Taq DNA polymerase 0.025 µL 
???  6.675 µL 
total 10.0 µL 
 
95°C ? 2 ??????95°C ? 30 ??58°C ? 30 ??
72°C ? 1 ? 45 ?? 30 ???????????? 72°C
? 5 ????????  
 
2-10? rod1Δ vrp1Δ????????  
? VRP1 ????????? Kluyveromyces lactis ? LUE2 ???  (pUG73? (Gueldener 
et al., 2002))??????????????3’??????????????????
?? 5'?? VRP1 ??????????????????????????????
???????????????  (Table 3)?pUG73 ??? DNA ?????????
?? PCR ?????DNA ???????? Ex-Taq DNA polymerase????????
????95°C ? 2 ??????95°C ? 30 ??58°C ? 30 ??72°C ? 150 ?? 30 ??
?????????? 72°C ? 5 ???????VRP1 ??????????????
??????	
plasmid DNA  0.5 µL 
10 µM Forward primer (SHO201) 2.5 µL 
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10 µM Reverse primer (SHO202) 2.5 µL 
10 x Ex-Taq buffer 5.0 µL 
2.5 mM dNTP mix 4.0 µL 
5 U/µL Ex-Taq DNA polymerase 0.5 µL 
???  35.0 µL 
total 50.0 µL 
 
? 2-6-1 ??????? PCR ?? 50 µL ?????rod1∆?????????????
??? 2-7-1 ???????? DNA ?????PCR ????? VRP1 ???????
?????????PCR ???????????????  
 
genomic DNA 0.5 µL 
10 µM Forward primer (SHO203) 0.5 µL 
10 µM Reverse primer (KS1) 0.5 µL 
10 x Ex-Taq buffer 1.0 µL 
2.5 mM dNTP mix    0.8 µL 
5 U/µL Ex-Taq DNA polymerase 0.025 µL 
???  6.675 µL 
total 10.0 µL 
 
95°C ? 2 ??????95°C ? 30 ??58°C ? 30 ??
72°C ? 1 ? 45 ?? 30 ???????????? 72°C
? 5 ????????  
 
 
2-11? Jen1 ?????  
? ??? SC ?????????30°C ????????????????? OD600 = 0.25 
/mL ?????????????????30°C ? 4 ???????????????
???????OD600 = 1.0 /mL ?????? SLac ???????????? 30°C ? 3
??????Jen1 ??????????????????????????????
????????????  




2-12? ???????? GFP ????????????  (Jen1−GFP) 
? Jen1−GFP ???????????????????2-11 ???? Jen1 ?????
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????????500 µL ????? 1.5 mL ??????????? 2,300 × g ? 1 ?
????????? 450 µL ?????? 50 µL ?????????????????
????????????????? Jen1 ?????????????SLac-Ura ??
? 3 ???????????? 2%???????????????????????
?????????????  
? Jen1−GFP ????????????? ORCA-Flash2.8?????????????




2-13? ???????????  (Jen1−GFP) 
? pJen1−GFP?????????????????????????????? TCA
?????????2-11 ??????????? Jen1 ??????????????
?? 1 mL ? 1.5 mL ???????????????? 100 µL ? 100% (w/v) TCA ?
????????????????? 15 ???????????20,400 × g ? 5 ??
???????????????????????? 10% (w/v) TCA ???????
??????????????? 10 ??????????????????????
?? 5 ?? 20,400 × g ???????????????????? TCA sample buffer
?50 mM Tris-HCl (pH 6.0)?100 mM ??????????2% SDS?10%???????
200 mM Tris?pH ??????BPB?? 1.0 OD600/50 µL ??????????????
??????????????????????????? 37°C ? 15 ??????






2-14 ?????  (Jen1−GFP) 
? pJen1−GFP????????????????? 2-11 ???? 10 mL ? SC-Ura ??
?????????? Jen1 ????????????????? 2%?????? 50%
????????????????????????????????? 10 ??? 15 
mL ????????????????? 1 mL ? 100% (w/v) TCA ?????????
????????? 15 ???????????600 × g ? 5 ???????????
???????? TCA ???? 100 µL ? 10% (w/v) TCA ???????1.5 mL ??
????????????????????????10 ?????????????
??????????? 20,400 × g ? 5 ????????????????????
??????????????????? TCA sample buffer ? 10 OD600/200 µL ???
??????????????????????????????????????
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37°C ? 15?????? SDS??????????????????? 5?? 20,400 × 
g ???????? 20 µL?1 OD600??????? 1.5 mL ????????????
30 µL ? TCA sample buffer ???????? 37°C ? 15 ?????????????
???????????????  (170 µL)???? 2.0 mL ????????1.8 mL
? TWIP buffer?150mM ????????50 mM Tris-HCl (pH 7.6)?0.5% Tween-20?
0.1 mM EDTA???????????2 µL ????? GFP ????????????
??????????4°C ??????????????????????????
????30 µL ? DynabeadsTM Protein G ????? 4°C ?????????????
?????-?????????????????????????? TWIP buffer ?
???????50 µL ? TCA sample buffer ?????37°C ? 15 ?????????  
 
 
2-15? SDS-???????????????  (SDS-PAGE) 
SDS-PAGE??????????? 10%?????????????2-13??? 2-14
????????????? 5.0 µL ?????????????? Precision Plus 




2-16? ????????????  
?????? SDS-PAGE????? PVDF???????Bjerrum and Schafer-Nielsen 
buffer?48 mM Tris-HCl?38 mM ?????20%?????????????????
???????Jen1-GFP ?????????PVDF ???????????????
??????????Transfer buffer ???? 48 mM Tris?38 mM ?????10%??
????0.05%SDS ??????????????????????????? SD ?
??BioRad???PVDF ??? Immobilon-P Transfer Membrane???????????
??2 mA/cm2 ????? 1 ??????????? PVDF ????????(0.1% 
PONCEAU S?5%??)???????????????????? PVDF ?????
?????????? MilliQ ?????????????????0.3%???????
0.8%????????20 mM Tris-HCl (pH 7.6)?0.1% Tween-20?????30 ????
???????????????????? 2,000?????????? GFP???Anti 
GFP, Moab(mFX75)??????????????????????????????
??????????????????????? 3-Phosphoglycerate kinase (PGK)??
??????????? PGK ??  (Clone 22C5D8?Invitrogen)? 200,000 ??????
????????????TBS-T?0.8%????????20 mM Tris-HCl (pH 7.6)?0.1% 
Tween-20?? 5??????? 3????????????????? 2???? 7,500
????????? 30 ???????????????? 2 ???????????
??????????????????????????? IgG ?  (BioRad)?????
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?????? TBS-T ?????? 10 ?? 4 ???????????????????
??? ImmobilonTM Western Chemiluminescent HRP Substrate????????????
?????????????????? Image Quant Las 4000?GE ????????
???????????  
???3FLAG−Jen1 ?????????????????? DYKDDDDK ???1E6?
?????? 2,000 ?????????????  
 
 
2-17? ??????????  (Bimolecular fluorescence complementation (BiFC) assay) 
? ?????????????????? BiFC ????????????????
Venus (Nagai et al., 2002)? 2?????????  Venus N????  (VN)? Venus C?
???  (VC)?????????????????????????????????
????? Venus??????????????  (IX71?OLYMPUS) ??? MetaMorph 
(Molecular Devices)?????????  
???????Jen1 ?????? 2-11 ????????500 µL ????? 1.5 mL
??????????? 2,300 × g ? 1 ??????????? 450 µL ??????
50 µL ???????????????????????????????? Jen1-Rod1
?????????????????? 2%?????? 50%???????????
????????????? 10 ?????????????????  
 
 
2-18? ??????????????  
? ???? SC-Ura ??????? 30°C ????????????????????
??????????????????????????? OD600 = 0.1/mL ????
?? SGE-Ura ???????30°C ???????????OD600 =1.0?2.0 ?????
1.0 OD600?????? 1.5 mL ????????????2,300 × g ? 1 ???????
?????????? 200 µL ???????????????? 10 µL ???90 µL
??????????????? 10 ??????????????????????
100 ??1,000 ??10,000 ??100,000 ??????????????????????
10 µL ??????? 1.0 mM ??? 10 mM ????????????? SGE-Ura ?
??????????30°C ? 4 ???????  
 
 
Table 2 Yeast strains used in this study 
Strain Genotype Reference 
BY4742 MATα; ura3Δ0, leu2Δ0, his3Δ1, lys2Δ0 Brachmann et al. (1) 
jen1Δ BY4742; jen1Δ::KanMX Open Biosystems 
rod1Δ BY4742; rod1Δ::KanMX Open Biosystems 
vrp1Δ BY4742; vrp1Δ::KanMX Open Biosystems 
HKY37 BY4742; bul1Δ::LEU2 bul2Δ::KanMX jen1Δ::his5+ Laboratory stock 
YTS354 BY4742; bul1Δ::LEU2 bul2Δ::KanMX rod1Δ::his5+  Laboratory stock 
YSF10 BY4742; rod1Δ::KanMX jen1Δ::natNT2 This study 
YSF11 BY4742; bul1Δ::LEU2 bul2Δ::KanMX jen1Δ::his5+ This study 
YSF12 BY4742; bul1Δ::LEU2 bul2Δ::KanMX rod1Δ::his5+ jen1Δ::natNT2 This study 
YSF22 BY4742; vrp1Δ::KanMX rod1Δ::LEU2 This study 
 
 Table 3 Oligonucleotides used in this study 













M13 Fw GTAAAACGACGGCCAGT 
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Table 4 Plasmids used in this study   
Plasmid name Genotype Reference or source 
pRS316 CEN, URA3 Sikorski and Hieter (2) 
pRS316-GFP-ADHt CEN, URA3, GFP-TADH1 Laboratory stock 
P415GPD CEN, LEU2, PTDH3-TCYC1 Mumberg et al. (3) 
pCu416CUP1 CEN, URA3, PCUP1- TCYC1 Labbe and Thiele (4) 
pKT90 CEN, his5+, yEVenus Sheff and Thorn (5) 
pRS416-JEN1-4HA CEN, URA3, PJEN1-JEN1-GFP Laboratory stock 
pSF3 CEN, URA3, PJEN1-JEN1-GFP This study 
pSF5 CEN, URA3, PJEN1-jen1(Δ2-94)-GFP This study 
pDS1 CEN, URA3, PJEN1-jen1(Δ2-114)-GFP This study 
pDS2 CEN, URA3, PJEN1-jen1(Δ574-616)-GFP This study 
pSF8 CEN, URA3, PJEN1-jen1(Δ584-616)-GFP This study 
pSF10 CEN, URA3, PJEN1-jen1(Δ594-616)-GFP This study 
pSF12 CEN, URA3, PJEN1-jen1(Δ604-616)-GFP This study 
pSF16 CEN, URA3, PJEN1-jen1(Δ2-94, 574-616)-GFP This study 
pSF18 CEN, URA3, PJEN1-jen1(Δ2-94, H612A,I613A,E614A)-GFP This study 
pSF26 CEN, URA3, PJEN1-JEN1-VN This study 
pSF27 CEN, URA3, PJEN1-jen1(Δ2-94)-VN This study 
pSF28 CEN, URA3, PJEN1-jen1(Δ574-616)-VN This study 
pSF34 CEN, URA3, PJEN1-jen1-E610,E611A-GFP This study 
pSF35 CEN, URA3, PJEN1-jen1-H612A,I613A,E614A-GFP This study 
pSF37 CEN, URA3, PJEN1-jen1-T615A,V616A-GFP This study 
pSF38 CEN, URA3, PJEN1-jen1-H612A,I613A-GFP This study 
pSF40 CEN, URA3, PJEN1-jen1-H612A-GFP This study 
 
Table 4 Continued   
Plasmid name Genotype Reference or source 
pSF41 CEN, URA3, PJEN1-jen1-I613A-GFP This study 
pSF42 CEN, URA3, PJEN1-jen1-E614A-GFP This study 
pSF49 CEN, URA3, PJEN1-jen1-H612A,I613A,E614A-VN This study 
pSF57 CEN, URA3, PJEN1-GFP-JEN1 This study 
pSF58 CEN, URA3, PJEN1-GFP-jen1-H612A,I613A,E614A This study 
pYT1 CEN, URA3, PJEN1-3FLAG-JEN1 This study 
pSF59 CEN, URA3, PJEN1-3FLAG-jen1-H612A,I613A,E614A This study 
pSF48 CEN, LEU2, PTDH3-Rod1-VC This study 
 
  
Table 5. DNA fragments used for in vivo assembly of plasmids. 
Plasmid 
PCR product used for in vivo assembly 
Plasmid used for in vivo assembly 
 
Forward 
primer Riverse primer Template DNA 
pJen1(Δ2–94)-GFP Fragment 1 M13 Fw SHO60 pSF3 BamHI/HindIII-digested pRS316 
(pSF5) Fragment 2 SHO59 M13 Rv pSF3 
pJen1(Δ2-114)-GFP Fragment 1 M13 Fw DS3 pSF3 BamHI/HindIII-digested pRS316 
(pDS1) Fragment 2 DS4 M13 Rv pSF3 
pJen1(Δ574-616)-GFP Fragment 1 M13 Fw DS8 pSF3 BamHI/HindIII-digested pRS316 
(pDS2) Fragment 2 DS9 M13 Rv pSF3 
pJen1(Δ584-616)-GFP Fragment 1 M13 Fw SHO64-r pSF3 BamHI/HindIII-digested pRS316 
(pSF8) Fragment 2 SHO64 M13 Rv pSF3 
pJen1(Δ594-616)-GFP Fragment 1 M13 Fw SHO63-r pSF3 BamHI/HindIII-digested pRS316 
(pSF10) Fragment 2 SHO63 M13 Rv pSF3 
pJen1(Δ604-616)-GFP Fragment 1 M13 Fw SHO62-r pSF3 BamHI/HindIII-digested pRS316 
(pSF12) Fragment 2 SHO62 M13 Rv pSF3 
pJen1(Δ2-94, 594-616)-GFP Fragment 1 M13 Fw SHO60 pDS2 BamHI/HindIII-digested pRS316 
(pSF16) Fragment 2 SHO59 M13 Rv pDS2 
pJen1(Δ2-94, H612A,I613A,E614A)-GFP Fragment 1 M13 Fw SHO179 pSF5 BamHI/HindIII-digested pRS316 
(pSF18) Fragment 2 SHO178 M13 Rv pSF5 
pJen1(E610A,E611A)-GFP Fragment 1 M13 Fw SHO163 pSF3 BamHI/HindIII-digested pRS316 
(pSF34) Fragment 2 SHO162 M13 Rv pSF3 
pJen1(H612A,I613A,E614A)-GFP Fragment 1 M13 Fw SHO179 pSF3 BamHI/HindIII-digested pRS316 
(pSF35) Fragment 2 SHO178 M13 Rv pSF3 
pJen1(T615A,V616A)-GFP Fragment 1 M13 Fw SHO198 pSF3 BamHI/HindIII-digested pRS316 
(pSF37) Fragment 2 SHO197 M13 Rv pSF3 
pJen1(H612A,I613A)-GFP Fragment 1 M13 Fw SHO183 pSF3 BamHI/HindIII-digested pRS316 
(pSF38) Fragment 2 SHO182 M13 Rv pSF3 
pJen1(H612A)-GFP Fragment 1 M13 Fw SHO196 pSF3 BamHI/HindIII-digested pRS316 
(pSF40) Fragment 2 SHO195 M13 Rv pSF3 
pJen1(I613A)-GFP Fragment 1 M13 Fw SHO194 pSF3 BamHI/HindIII-digested pRS316 
(pSF41) Fragment 2 SHO193 M13 Rv pSF3 
      
Table 5 Continued 
Plasmid 
PCR product used for in vivo assembly 





primer Template DNA 
pJen1(E614A)-GFP Fragment 1 M13 Fw SHO181 pSF3 BamHI/HindIII-digested pRS316 
(pSF42) Fragment 2 SHO180 M13 Rv pSF3 
pJEN1p-GFP-Jen1(H612A,I613A,E614A) Fragment 1 M13 Fw SHO179 pSF57 BamHI/HindIII-digested pRS316 
(pSF58) Fragment 2 SHO225 M13 Rv pSF57 
pJEN1p-3FLAG-Jen1 Fragment 1 YT21 YT22 genomic DNA BamHI/HindIII-digested pRS316 
(pYT1) Fragment 2 YT23 YT24 genomic DNA 
pJEN1p-3FLAG-Jen1(H612A,I613A,E614A) Fragment 1 M13 Fw SHO179 pYT1 BamHI/HindIII-digested pRS316 
(pSF59) Fragment 2 SHO255 M13 Rv pYT1 
pJen1-VN Fragment 1 M13 Fw SHO57 pSF3 SacI/BamHI-digested pCu416CUP1 
(pSF26) Fragment 2 oTAKA256 oTAKA259 pKT90 
pJen1(Δ2–94)-VN Fragment 1 M13 Fw SHO57 pSF5 SacI/BamHI-digested pCu416CUP1 
(pSF27) Fragment 2 oTAKA256 oTAKA259 pKT90 
pJen1(Δ574-616)-VN Fragment 1 M13 Fw SHO67 pDS2 SacI/BamHI-digested pCu416CUP1 
(pSF28) Fragment 2 oTAKA256 oTAKA259 pKT90 
pJen1(H612A,I613A,E614A)-VN Fragment 1 M13 Fw SHO57 pSF35 SacI/BamHI-digested pCu416CUP1 
(pSF49) Fragment 2 oTAKA256 oTAKA259 pKT90 
pTDH3p-Rod1-VN Fragment 1 SHO53 SHO152 genomic DNA SpeI/HindIII-digested p415GPD 
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3. ??  
 
? JEN1 ??????????????????????????  (Chambers et al., 
2004)?????????????????? Mig1 ???? JEN1 ?????????
????????????????????? Cat8 ???????????????  
(Haurie et al., 2001)?  








??? Jen1 ??????? Rsp5 ??????????????????????  
 
 
3-1? Rsp5 ????????????? Jen1 ???????  
 
3-1-1? Rsp5 ???????????????  (rod1Δ bul1Δ bul2Δ)???? Jen1 ??
???????????  
? ??????????????? Jen1 ?????Jen1 ?????????????
??????????? Jen1 ?????????????????? Rsp5 ????
??????  (Paiva et al., 2009)???????????????? Jen1 ??????
????????????Rod1 ????????????????????????
????  (Becuwe et al., 2012)????????????????Rod1 ???? Bul1
? Bul2? Jen1????????????????????????????????
???????????????2011??????Rod1 ??? Bul1 ??? Bul2 ??
????????  (rod1Δ bul1Δ bul2Δ jen1Δ)???????????????????
?????????? Jen1 ??????????????????????????
????????????????????? pRS316−JEN−GFP−ADH1t ?????
????????????? SLac-Ura ?????????? Jen1 ?????????
??????????????Jen1 ??????????????????????
????????? bul1∆ bul2∆????60 ??????????????? Jen1−GFP
???????  (Figure 2A)????rod1∆??? Jen1−GFP ????????????
???????120 ????????????? GFP ??????????  (Figure 
2A)????????rod1∆ bul1∆ bul2∆????120 ?????????? GFP ???




Jen1−GFP ??????????????????????????? Jen1 ????
?????????rod1∆?????????????? Jen1 ??????????
????? Bul1?Bul2 ???????? rod1∆ bul1∆ bul2∆??? Jen1 ??????
???????????????  (Figure 2B)??????????????????
???? Jen1-GFP ????????????????????????GFP ????
??????????????????????? Jen1−GFP ???????????
????? GFP ????????????????rod1∆?? rod1∆ bul1∆ bul2∆??
??Jen1−GFP ??????????????????? GFP ???????????
??????  (Figure 2B)????????????????????? Jen1 ????
?????????? Rod1 ??????????????????????????
Bul1 ??? Bul2 ?????????????????????????  
 
3-1-2? Jen1 ??????????????????????  
? Transmembrane hidden Markov model (TMHMM) 解 析  
(http://www.cbs.dtu.dk/services/TMHMM/)より、Jen1 ? 12 ????????????N
???1-141 ???? C ?????556-616 ???????????????????






? ? ? ? Jen1 ? N ? ? ? ? ? C ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?  
(pRS316−jen1(Δ2-114)−GFP ??? pRS316−jen1(Δ574-616)−GFP; Figure 3A)?????
jen1Δ???????????????? SLac-Ura ??????????? Jen1 ??
??????????????????????? Jen1 ?????????????
?????????????? Jen1 ????????????C ?????????
Jen1 ???????????????????????????????????N
????????? Jen1 ?????Jen1 ??????????Jen1 ????????
??????????????????  (Figure 3B)?????????????? N
??? C ?????????? coat protein complex II?COPII???????????
?ER exit signal??????????????????????  (Sevier et al., 2000; 





???????????????????????? N ?????? ER exit signal ?
??????106 ???? 109 ????????????? tyrosine motif (Y106ALT)?
ER exit signal ??????????????2012??????N ????????? Jen1
?????????????ER exit signal ???????? tyrosine motif (Y106ALT)
?????????????????????????????????? Jen1 ??
????????Jen1 ? N ???????????????????????????
????N ??????????????????????????????????
tyrosine motif ????????????  (Jen1(∆2-94); Figure 3A)? GFP ??????
??????????????????????????SLac ?????????
Jen1(∆2-94)−GFP ????????????????  (Figures 3B)?????????
Jen1(∆2-94)? Jen1ΔN?Jen1(∆574-614)? Jen1ΔC ?????????????????
????????????????Jen1ΔC−GFP ?????? Jen1ΔN−GFP ????
?????????????  (Figure 3B)?????Jen1 ?????????????
??????????????N ???C ???????????????????
???????? Jen1 ???????????????????????????
Jen1−GFP ??????????????  (Figure 3C)????????N ???C ??
??????? Jen1 ???????????????????????C ?????
???????????????????  
? ????????Jen1? N????? C?????????????????? Jen1
??????????????????????????????????????
???????????? C ???????????????????  
 
 
3-1-3? Jen1 ? N ????? C ????????????????????????  
? 3-1-2 ???????????? N ????? C ????? Jen1 ????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????  (Shukla et al., 2013; 2014; 
Kang et al., 2015; Guiney et al., 2016; Kang et al., 2016)??????Jen1 ???????
???????????????????????????????????N ??
? C ???????? Jen1 ?????????????????Jen1 ???????
??????????? Jen1ΔNC−GFP ??????????????? jen1Δ ???
??????????????????????????????????????
????????????  (Figure 4A)??????????????Tyrosine motif 
(Y106ALT)???????? ER exit signal ??????????????????? N
???2-94 ???????? C ?????574-616 ???????????????




? Jen1(ΔNC)?????????????????N ??????  (ΔN)? C ????
???????????3A ?????  (3-2-4)??????? Jen1(ΔN, 3A)−GFP ?
SLac-Ura ??????????????????????????????????
???Figures 4B???????????????????????????????
???Jen1(ΔN, 3A)−GFP ??????????????????????? Jen1 ??
????????????Figures 4B??Jen1 ? 12 ????????????????
??????N ??? C ???????????????????????????




3-1-4? Jen1 ???????????????????????  




Jen1ΔC ????? jen1Δ ???????????????????????????
????????????????? Jen1 ???????????????????
????????  (Akita et al., 2000)??????? Jen1 ????????????
jen1Δ ?????? SGE ???????????? Jen1 ??????????0?1.0?
10 mM?????????????? SGE???????????????????
???????????????????????????????  (pRS316)???
?? jen1Δ ?? Jen1 ?????????????????????????????
?????????????????????????????? Jen1 ??????
?????????????????? Jen1 ??????????????????
?????????????  (Figures 5)?????Jen1ΔN ??? Jen1ΔC ?????
?????? Jen1 ?????????????????????????????
Jen1ΔN ??? Jen1ΔC ????????? Jen1 ?????????????????





3-1-5? Rsp5 ?????????rod1Δ??? bul1Δ bul2Δ????? Jen1 ??????
????????????????  
? ?????Jen1 ????????Rod1 ????????????????????
??????  (Figure2, Becuwe et al., 2012)????3-1-1 ????????Rod1 ???
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? Bul1 ??? Bul2 ? Jen1 ????????????????????  (Figure 2)?
????Jen1 ??????? Bul1?Bul2 ????????????????????




???? ΔN ?????????????????????????????  (Figure 
6A)?????????????????????????? Jen1−GFP ??????
????????????Jen1 ? Jen1ΔN ????????????????????
??????????Jen1ΔC ???????????? 120 ??????? Jen1−GFP
???????????????   (Figure 6B)???????????????? Jen1
????????????????????????????? Rod1 ? Jen1 ???
?????? N ????? C ????????????????????????
Jen1ΔC ? bul1Δ bul2Δ???????????????C ?????????????
???????????????????  
? ????ROD1 ??????  (rod1Δ jen1Δ)??????????????????
Jen1 ?????? Jen1 ? N ????? C ????? Rod1 ???????????
Bul1? Bul2??????????????????????????????????
Jen1∆N ??????Jen1 ???????????????????????????  
(Figure 6C)??? Jen1ΔN ???????????????????????????
?????????????  (Figure 6D)?Rod1 ??? Jen1 ???????????
????????? Jen1 ? N ????????????????????????C
?????????? Jen1??????????????????????????
?????????????????????  (Figure 6C)????????????
?????????????????? Jen1−GFP ????????????????
??????? Jen1ΔC ?????? rod1Δ ????????????????  




3-2? Rod1 ??? Jen1 ???????  
 
3-2-1? Jen1 ????????????????????????  
? 3-1 ??????????????? Jen1 ??????????????????








????????????????????Jen1ΔN ??? Jen1ΔC ????????
????????????  
? ????????????????????? VRP1??????????  (Munn et 
al., 1995)??????????????????????????????????
Vrp1 ??????????????????????????????vrp1Δ ???
??? Jen1−GFP ? SLac ???????????????????????????
?????? Jen1−GFP ????????????????????????????
????????????? Jen1−GFP ? PAGE ?????????????????
???Jen1−GFP ??????????????????  (Figure 7A)???? vrp1Δ ?
???? Jen1ΔN−GFP ??? Jen1ΔC−GFP ???????????????????
??????????????Jen1ΔN ?????????????????????
?????????????Jen1ΔC ??????????????????  (Figure 7A)?
????????????????????? Jen1 ???????????????
????????????????????  
 ???????????? Jen1 ? Jen1ΔN ???????????????????
?????????????vrp1Δ ?? Jen1−GFP?Jen1ΔN−GFP?Jen1ΔC−GFP ???
????????????? 10 ????????????????????? GFP
?????????????Jen1 ???????????????????????
?????????????? Jen1 ??? Jen1ΔN ???????????????
???????????????????????????Jen1ΔC ????????
??????????????????????????  (Figure 7B)???????
?? Jen1 ? Jen1ΔN ?????????????????????????????
??????????????????Jen1ΔC ?????????????????
????????????????Jen1 ????????? C ??????????
???????????  
? ????????????????????????????? Rsp5??????
???????????Jen1 ??? N ?????????????????????
?????????????????????????????????????Jen1
????????????????????? Rod1?Bul1?Bul2 ? 3 ?? Rsp5 ??
??????????????????????  2011?Figures 3??????Bul1?
Bul2 ?????????? Jen1 ????????????????????????
?????? Rod1 ?????????????????? ROD1 ???? VRP1 ??
?????? rod1Δ vrp1Δ ?????? Jen1−GFP ? Jen1ΔN−GFP ?????????
?????????????????????????????????????
ROD1 ???????????????? Jen1 ? Jen1ΔN ?????????????
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??  (Figure 7C)??????vrp1Δ ?????????? Jen1 ? Jen1ΔN ?????
????? Rod1 ????????????????????  
? ????????Rod1 ????????????? Jen1 ??????????Jen1
? N ??????? C ??????????????????????Jen1C ???
??????????????????????????????Rod1-Rsp5 ????




3-2-2? Jen1 ???????? Rod1 ????????  
? Jen1 ? N ????? C ?????????????Jen1 ??????????3-2-1
?????????????????????????? Jen1 ??????????
?????????????????????? Jen1 ? N ????? C ??????
??????????????????????????????????????
??????????????????????????????????????
???Rod1 ? Jen1??????????????????????????  
? ???Jen1 ????????? C ????? Rod1 ??????????? in vitro 
(GST−?????????)????????????????????? Jen1 C ??
??? GST ???????????????????? Rod1 ??????????
????????????Rod1 ? Jen1 ??????????Jen1 ????????
??????????????????? Jen1 ?????????????????
????????? in vivo ???????????????????????Jen1ΔN
??? Jen1ΔC ??Rod1 ??????????????????????????
?Bimolecular fluorescent complementation assay; BiFC ??????????  
? BiFC??????????? N??????? C????????????????
?????????????????????  (Figure 8A)????????????
??????????????????????????????????????
??????????????????????????????????????
? N ??????? C ????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????  (Kerppola, 2008)?  
? ?????????????????? Venus ? 2 ??????????Venus N
????  (VN)??? Venus C ????  (VC)????????????????? Jen1
??? Rod1 ???????????  (pRS416−JEN1−VN, pRS415−TDH3p−ROD1−VC)
?????Jen1 ? Rod1 ????????????????????????????
????? jen1Δ rod1Δ ?????????????????? SLac-Ura/Lue ???




?????? Jen1 ? Rod1 ??????????????????????????
????????????  (Figure 8B)????Jen1 ? N ????? C ???????




(Figure 8B)????????Rod1 ? Jen1 ??????????Jen1 ? N ??? C ?
?????????????????????????Rod1 ?????????? C
??????????????????????????????????????




3-2-3? Jen1 ? C ??????????????? Rod1 ???????  
? Jen1 ? C ??????????????????????? Jen1 ????????
????????????????????????? Rod1 ???????????
?????????????????????????Jen1 ? C ?????????
????????????????????  (Figure 3)??????????????
????????????  (Figure 9A)????????C ?????????? Rod1
??????????????????????  
? C ?????????Jen1(ΔC; Δ574-616)???????? 10 ??????????
???????????????? 584−616 ??????????????
Jen1(Δ584-616)?594−616?????????????? Jen1(Δ594-616)??? 604−616
?????????????? Jen1(Δ604-616)? GFP ???????? jen1Δ ???
?????GFP ??????????? SLac-Ura ????????????? Jen1
?????????????????????? Jen1 ??????????????
????????????????? Jen1 ???????????????????
?? Jen1 ????????????????????  (Figure 9B)?????????
??????????????????????????????????????
????????????  Jen1 ?????????????????????  (Figure 
9C)?????? Jen1-GFP ??????????????????????????




3-2-4? Jen1 ???????????? Rod1 ???????  
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? 3-2-3 ???????604?616 ???????????? Rod1 ?????????
?????????????????????604?616 ?????????????
??????????????  (Glu610?Glu?His?Ile?Glu; Figure 10A)????????
?????????????????? Mup1 ????????? Can1 ??????
??? N ??????????????????????????????????
??????????  (Guiney et al., 2016)???????????????????
??????Jen1−GFP ? C ????????????????????? Jen1 ??
??E610A,E611A ???H612A,I613A,E614A ???T615A,V616A ?????????
?????????Rod1 ??????????????????E610A,E611A ???
??? T615A,V616A ?????????????????????????????
???????H612A,I613A,E614A ?????? 3A ??????????????




? ???? Jen1 ? 612−614 ???????????????????????
Jen1−GFP ????H612A ???I613A ???E614A ????????????????
E614A ????????????????????H612A ???? I613A ?????
???????  (Figure 11)?????????His 612??? Ile 613?????????
??? H612A,I613A ????????????????? E614A ????????
????  (Figure 11A)??????????Jen1 ???????????????Jen1




3-2-5? Jen1 3A ????????????????????  
? Jen1? C?????? His612?Ile?Glu??????????????????? Jen1
?????????????????????????  (Figure 10)?3A ??????
??????????????????????????????????3-2-1 ??
?????????????? vrp1Δ ?? Jen1(3A)−GFP ?????????????
??????????????? Jen1−GFP ???????????????????
??Jen1(3A)−GFP ??????????????????????????? Jen1−
GFP ??????????????????  (Figure 12A)??????Jen1 ????
????? C ?????? His612?Ile?Glu ???????????????????  
 
 
3-2-6? Jen1(3A)???? Rod1 ????????  
? 3-2-5 ???????Rod1 ? Jen1(3A)?????????? BiFC ????????
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??????3-2-2 ???????????? Venus ? VN ??? VC ??? Jen1(3A)
??? Rod1 ???????????  (pRS416−jen1(3A)−VN, pRS415−TDH3p−ROD1−
VC)???????????????? jen1Δ rod1Δ ????????SLac-Ura/Lue ?
????????? Jen1 ?????????????????? Jen1 ? Rod1 ???
????????????????????????????????? Jen1(3A)−VN
?????????????????  (Figure 12B)???????? Jen1 ?
His612−Ile−Glu ??? Rod1 ????????????????????????  
 
 
3-3? Jen1??? Jen1(3A)???? N??????????????????????
????  
? 3-1 ??? 3-2 ????? Jen1 ? C ??? GFP ????????????????
????? C ?????????????? Jen1 ? Rod1 ????????????
????????????N ??????????????? Jen1 ????????
??????????  




??Jen1 ? 3A ????????????????????????????????
???  (Figure 13A)??????????Jen1 ??????????? Rod1 ????
His612?Ile?Glu ???????????????????????????  
? ???Jen1 ? N ??? 3xFLAG ???????? 3FLAG?Jen1 ??? 3FLAG?
Jen1(3A)? JEN1 プロモーター支配下で発現させ、????????? Jen1 ?????
????????????????????rod1∆?????????????? Jen1
??????????????? 3A ??????? 3FLAG−Jen1(3A)???????
?????  (Figure 13B)???????????????? GFP−Jen1?????? Jen1
−GFP の??????????????????????????????  




? ?????Rod1 ??????????????? Jen1 ? C ??????????
???Rsp5 ??? Jen1 ??????????????????????????Rod1
? Jen1 ??????????His612?Ile613?Glu614????????????????
????????? 3A ????????? Rod1 ????????????????
????????????????????????????????????  
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????????????????????? Jen1 ??????????? Rsp5 ?
???????????? Jen1 ???????? Jen1 ??????????????
????? Rod1 ? Jen1 ????????????  
? ?????????????? Jen1 ?????????????????????
?????? Rod1 ??Jen1 ? N ????? C ?????????????? C ??
??????? His612?Ile613?Glu614??????????????????????
??????Jen1 ?????????? Rod1 ??????????????????
Jen1 ? N ???????????????????????????? 3A ????
? Jen1 ? N ?????????????????????????????????
??????????? Jen1 ???(Jen1(ΔN, 3A))??????  
 
??????????? Rod1 ???????????? Jen1 ???????  
? ??????Mup1 ? Can1 ????????Acidic patch ????? N ?????
??????????????????  (Ldb19)????????????????
????????Ldb19 ????????????????????????Mup1 ?
????????????Mup1 ? Ldb19 ????????????????????
????????  (Guiney et al., 2016)???????Jen1 ? 614 ?????????
?????????????Jen1 ???????????????????????
??????Rod1 ?????????? Jen1 C ?????????????????
???????610Glu ??? 611Glu?????????? Jen1 ?????????










? ???????????????? 612 ???? 614 ?????????????
?????? His ???????? Ile??????? Glu ????????????
??????????????? Rod1 ?????????????????????
??????????????Jen1 ????? Rod1 ???????????????
????????????????????????????Jen1 ????????
????????????????????????? Hxt6 ? Rod1 ???????
???????????  (Nikko and Pelham, 2009; Llopis-Torregrosa et al., 2016)???
??????????? Jen1 ? 612 ???? 614 ?????????  (HIE)????
???? Hxt6 ??????????????????Hxt6 ? N ??? C ?????
????????????????????????? Stl1 ???????????
????? Rod1 ????????????????????????  (Alvaro et al., 




?????????Jen1 ? Stl1 ?????????????????????????
??????????????????????????????????????
?????????? Rod1 ?????????????????????????
???????Jen1 ??? Rod1 ????????????????????????
?????????Rod1???????????????????????????? 
? ?????Mup1 ? Can1 ??????????? Acidic patch ??????????
??????????? Gap1 ????????? C ????????? α-????
??????????????????????????????????????
??????????????????????????????????????
??  (Springael and André, 1998)???? Jen1 ? C ??????????? Jpred 4.0 
(http://www.compbio.dundee.ac.uk/jpred/)?????? 2 ????????????C ?
?????? α-??????????????????????????? 612 ??
?? 614 ?????????????????????Jen1 ? Rod1 ????????
??????????????????????????????????????
??????Jen1 C ??? 2 ?????????????????????????
?????????????? Jen1 ? Rod1 ???????????????Rod1 ?
????????????????????????????????  
 
?Rod1 ??? Rsp5 ????????????? Jen1 ???????  
? ???????????????????????Jen1 ????????????
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???Rod1 ?????????????? Jen1 ?????????????????
?????  (??  2011; Figure 2)?????ROD1 ??????  (rod1Δ jen1Δ)????
?????????????????????? Jen1 ?????? Rod1 ?????
????????? Jen1 ???????????????????????N ???
???? Jen1 ?????? Jen1 ??????????????????????  
(Figure 6)?????Rod1 ??? Jen1 ???????????????????? Jen1
? N ????????????????????????????????????
??? Jen1 ???????????????? N ???????? Rod1 ?????
Jen1 ??????????????????? Rod1 ???????????????
?????????????????????????? Jen1 ??????????
?? Bul1/2 ?????????????????????????????? Jen1 ?
????Rod1 ???? Bul1 ???????Bul2 ????????????????   







?????????? Jen1 ?????????????????????????  
(Talaia et al., 2017)??????????????????????????????
????????????????? BUL1/2 ??????????????????
??????????????????????Jen1 ? N ???????Rod1 ? Bul1/2
??????????????????????????????????????
???????????N ????? Jen1 ???????????????????





?Rsp5 ????????????? Jen1 ???????  
? ?????????????????? Jen1 ???????Rsp5 ????????
????????? Jen1 ? N ????? C ???????????????????
??????????????????????????????????????
?????????????????? Rsp5 ?????????????????  
(Figures 7 and 8)?????Rod1 ??????????? Jen1(3A)?????????
???????????  (Figure 12)?Jen1 ? 12 ?????????????? N ?
?? C ??????? 6 ??? 7 ???????????????????????
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??317-363 ???????????????????Peng ??2003???????
??????????? Jen1 ? N ??? 9 ????????????? 338 ????
???????????????????????????Paiva ?????338 ??
??????????????? Jen1(K338R)?????????????????
















FIGURE 2. Adaptor proteins Bul1 and Bul2 play a minor role in internalization of Jen1 from 
the plasma membrane. A, The jen1∆ (WT), rod1∆jen1∆ (rod1∆), bul1∆bul2∆jen1∆ (bul1∆bul2∆), 
or rod1∆bul1∆bul2∆jen1∆ (rod1∆bul1∆bul2∆) cells expressing Jen1-GFP were grown in HC(Lac) 
medium for 3 h to induce expression of Jen1−GFP and its derivatives. Glucose (a final 
concentration of 2%) was then added to the culture to terminate their expression and induce their 
endocytosis. The images were taken at 0, 60, and 120 min after glucose addition. The scale bar 
indicates 5 µm. B, WT, rod1∆, bul1∆bul2∆, or rod1∆bul1∆bul2∆ cells expressing Jen1-GFP were 
grown as described in A. Equal volumes of the culture were harvested at the indicated times and 
total protein lysates were immunoblotted with anti-GFP and anti-Pgk1 antibodies. Pgk1 was 
detected on the same blots as the loading control.  
A
B


















FIGURE 3. Degradation of GFP-tagged Jen1 mutants deleted for its N-terminal or C-terminal domain. 
A, Schematic model of Jen1 deletion mutants lacking the N-terminal or C-terminal cytoplasmic region. 
Purple lines show polypeptides of Jen1 deletion mutants. Boxes indicate predicted membrane-spanning 
α-helices (transmembrane domain). B, Fluorescence distribution of GFP-tagged Jen1 or its deletion mutants 
was analyzed in jen1∆ cells. Cells harboring pJen1−GFP (pSF3), pJen1(∆2-114)−GFP (pDS1), pJen1∆N−
GFP (pSF5), or pJen1∆C−GFP (pDS2) were subjected to fluorescence microscopic analysis as described in 
Fig. 2A.The scale bar indicates 5 µm. C, The jen1∆ cells expressing GFP-tagged Jen1 or its deletion 



















FIGURE 4. Jen1 mutated in both N-terminal and C-terminal cytoplasmic regions is 
highly resistant to glucose-induced endocytosis. A, The jen1∆ cells harboring pSF16 
were grown in HC medium to an early log phase, and then transferred to HC(Lac) medium 
to induce expression of Jen1(∆NC)−GFP (pSF16). After 3 h incubation, fluorescence and 
DIC images were taken. The scale bar indicates 5 µm. B, The jen1∆ cells expressing Jen1
(∆N, 3A)−GFP (pSF18) was subjected to fluorescence microscopic analysis as described in 

















0 mM 1.0 mM 10 mM
SGE + fluoropyruvate
FIGURE 5. Sensitivity of Jen1 mutant strains to fluoropyruvate. The jen1∆ cells 
harboring pRS316(Φ), pJen1−GFP (pSF3), pJen1∆N−GFP (pSF5), or pJen1∆C−GFP 
(pDS2) were grown in HC(EG) medium to an early log phase, and spotted on HC(EG) 
plates containing 0, 1.0, and 10 mM fluoropyruvate.
FIGURE 6. The cytoplasmic region of Jen1 is necessary for Rod1-dependent internalization of Jen1. 
A and C, Fluorescence distribution of GFP-tagged Jen1 or its deletion mutants was analyzed in the bul1∆
bul2∆jen1∆ (A) or rod1∆jen1∆ (C) cells. Cells harboring pJen1−GFP, pJen1∆N−GFP, or pJen1∆C−GFP 
were subjected to fluorescence microscopic analysis as described in Fig. 2A.The scale bar indicates 5 µm. 
B and D, Glucose-induced degradation of Jen1−GFP, Jen1∆N−GFP, and Jen1∆C−GFP expressed in bul1























FIGURE 7. The cytoplasmic region of Jen1 is required for glucose-induced ubiquitination of Jen1. 
A, The vrp1∆ cells expressing GFP-tagged Jen1 or its derivatives (∆N and ∆C) were grown and analyzed 
as described in Fig. 2B. B, The vrp1∆ cells expressing GFP-tagged Jen1 or its derivatives (∆N and ∆C) 
were grown in HC(Lac) medium for 3 h, followed by treatment with glucose for 10 min. Total protein 
extracts were subjected to immunoprecipitation with anti-GFP antibody, followed by immunoblot 
analysis with anti-GFP and anti-ubiquitin antibodies. C, The vrp1∆ (ROD1) or vrp1∆ rod1∆ (rod1∆) 
cells expressing GFP-tagged Jen1 or Jen1∆N were grown and analyzed as described in A.










FIGURE 8.  Interaction between Rod1 and Jen1 mutants lacking N-terminal or C-terminal region. 
A, The principle of BiFC assay. B, The rod1∆jen1∆ cells harboring the plasmid encoding Rod1−VC 
(pSF48) and the plasmid encoding either wild-type Jen1−VN (pSF26), Jen1∆N−VN (pSF27), or Jen1∆C
−VN (pSF28) were grown in HC medium to an early log phase and then transferred to HC(Lac) medium 
to induce Jen1 expression. After 3 h incubation, glucose was added to the culture at a final concentration 
of 2% and cells were incubated for 10 min. Fluorescence from structurally complemented Venus was 
observed by fluorescence microscopy (BiFC assay). Differential interference contrast (DIC) images 
were also taken. The scale bar indicates 5 µm.
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B



































Jen1 C tail 
FIGURE 9. Systematic deletions of Jen1 revealed importance of the C-terminal 13 
amino acids for its glucose-induced endocytosis. A, Schematic depiction of a series of 
Jen1 deletion mutants. Purple lines show polypeptides of Jen1 deletion mutants. B and C, 
The jen1∆ cells expressing Jen1−GFP or its derivatives, Jen1∆33C−GFP (pSF8), Jen1∆
23C−GFP (pSF10), and Jen1∆13C−GFP (pSF12), were subjected to fluorescence 















; acidic amino acid
FIGURE 10. His612, Ile613, and Glu614 of Jen1 are required for efficient degradation of Jen1. A, 
The C-terminal 20-amino-acid sequence of Jen1 is shown. Acidic amino acids in the 604-616 region 
are highlighted.  B, The jen1∆ cells expressing Jen1(E610A,E611A)−GFP (pSF34), Jen1
(H612A,I613A,E614A)−GFP (pSF35), or Jen1(T615A,V616A)-GFP (pSF37)  were subjected to 
fluorescence microscopic analysis as described in Fig. 2A. The scale bar indicates 5 µm. C, The jen1
∆ cells expressing GFP-tagged Jen1 or its derivatives ([E610A,E611A], [H612A,I613A,E614A], and 
[T615A,V616A]) were subjected to immunoblot analysis as described in Fig. 2B. 
FIGURE 11. Mutation analysis in His612−Ile−Glu sequence of Jen1. The jen1∆ cells 
expressing Jen1(H612A)−GFP (pSF40), Jen1(I613A)−GFP (pSF41), Jen1(E614A)−GFP 
(pSF42), or Jen1(H612A,I613A)−GFP (pSF38) were subjected to fluorescence 
















FIGURE 12. Alanine replacement mutation in His612, Ile613, and Glu614 of Jen1 resulted in loss of 
interaction with Rod1. A, Protein extracts from the vrp1∆ cells expressing wild-type Jen1−GFP or Jen1(3A)−
GFP were analyzed by immunoblot analysis as described in Fig. 2B. B, The rod1∆jen1∆ cells harboring the 
plasmid encoding Rod1−VC (pSF48) and the plasmid encoding either wild-type Jen1−VN or Jen1(3A)−VN  
(pSF49) were subjected to BiFC analysis as shown in Fig. 8.
A
B
FIGURE 13. Glucose-induced degradation of N-terminally tagged Jen1. A, The jen1
Δ (WT) or jen1∆ rod1∆ (rod1∆) cells expressing GFP−Jen1 (pSF57) or GFP−Jen1(3A) 
(pSF58) under the control of the JEN1 promoter were subjected to fluorescence 
microscopic analysis as described in Fig. 2A. B, The The jen1Δ (WT) or jen1∆ rod1∆ 
(rod1∆) cells expressing 3FLAG−Jen1 (pYT1) or 3FLAG−Jen1(3A) (pSF59) under the 
control of the JEN1 promoter were grown as described in Fig. 2B. Degradation of 
3FLAG-fused  pro te ins  was  moni tored  by  immunoblot  ana lys is  us ing  an  
anti-DYKDDDDK antibody.
0 10+ Glc (min)
3FLAG-Jen1
Pgk1





















Jen1 ? C ????? Rod1 ?????????????????????????
?degron????????  
 








?????????????  (Keener and Babst, 2013; Guiney et al., 2016)??????
???????? N ???????????????−Rsp5 ???????????
??????????????????????????????????????




?????????????????Fur4 ? Mup1???????????? Gap1?
???????? Can1????????????????????????????
??????????????????????  (Keener and Babst, 2013; Ghaddar et 
al., 2014; Guiney et al., 2016)??????????????? Mup1 ????????
????????????????? Ldb19 ????????Mup1 ? N ?????
acidic patch ?????????????????????????????????
????????????????????  (Guiney et al., 2016)?????????
???????????????????β2?????????? ?β2AR??β-?????
???????????????????  (visual arrestin)????????????
??????????????????????????????? C ??????
???????????  (Transmembrane bundle)?????????????????






???????????????? TOR (target of rapamycin)??? 1 (TORC1)???
??????????????????????????????????? TORC1
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???????????????Npr1 ???????? Bul ???????????
????????????????Gap1 ????????????????????
????????????????????????????????? TORC1 ??
?????? Npr1 ?????????????????Bul ???????????








????????????  (Andrade and Casal, 2001; Lodi et al., 2002; Paiva et al., 2002; 
Chambers et al., 2004)?????Jen1 ???????????????????? Rod1
???? Snf1−??????????????Snf1 ???????????????
??????  (Glc7−Reg1)????????????????????  (Becuwe et al., 
2012; Alvaro et al., 2016)????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????? Rod1 ???????? Jen1 ?????????
??????????????????????????  
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2-1 ????  
?????????  Saccharomyces cerevisiae BY4742 ?????????????
????????? Yeast MATα collection (Open Biosystems)??????????
Table 6 ?????  
 
 
2-2 ????  
? ?????????????????????????????????????
????  (Millipore, Millex® Syringe-driven Filter Unit)??????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????  (Table 7)????????
??????????????????????????????????????
???????? Table 7 ? Table 8 ??????????  
 
 
2-3 ??  
? ???????????????????????????  
 
(1) SLac-Ura/Met ?? ; 0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid and 
ammonium sulfate, 0.5% ammonium sulfate, amino acids (0.002% Arg, 0.010% Asp, 
0.010% Glu, 0.008% Ile, 0.012% Lys, 0.005% Phe, 0.040% Ser, 0.020% Thr, 0.006% Tyr, 
0.015% Val, 0.002% Leu, 0.002% Trp, 0.002% His), 0.5% DL-lactate, , 0.002% Ade, 2% 
raffinose  
(2) SRaff ?? ; 0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid and ammonium 
sulfate, 0.5% ammonium sulfate, amino acids (0.002% Arg, 0.010% Asp, 0.010% Glu, 
0.008% Ile, 0.012% Lys, 0.002% Met, 0.005% Phe, 0.040% Ser, 0.020% Thr, 0.006% Tyr, 
0.015% Val, 0.002% Leu, 0.002% Trp, 0.002% His), 0.002% Ura, 0.002% Ade, 2% 
raffinose  
(3) SRaff-Met ?? ; 0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid and 
ammonium sulfate, 0.5% ammonium sulfate, amino acids (0.002% Arg, 0.010% Asp, 
0.010% Glu, 0.008% Ile, 0.012% Lys, 0.005% Phe, 0.040% Ser, 0.020% Thr, 0.006% Tyr, 
0.015% Val, 0.002% Leu, 0.002% Trp, 0.002% His), 0.002% Ura, 0.002% Ade, 2% 
raffinose  
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(4) SRaff-Ura/Met ?? ; 0.17% FORMEDIUM™ yeast nitrogen base w/o amino acid and 
ammonium sulfate, 0.5% ammonium sulfate, amino acids (0.002% Arg, 0.010% Asp, 
0.010% Glu, 0.008% Ile, 0.012% Lys, 0.005% Phe, 0.040% Ser, 0.020% Thr, 0.006% Tyr, 
0.015% Val, 0.002% Leu, 0.002% Trp, 0.002% His), 0.002% Ade, 2% raffinose 
 
 
2-4? ????? DNA ???  
? ???????????????? 2-8 ???????????????????
????? DNA?????????????????????? GRC?  (Oldenburg et 
al., 1997)????????Jen1 ? Mup1-Jen1C ??????????????????
? DNA ??????????????? 2-8-2 ??? GRC ????????????
DNA ????????????? DNA ????????????????????
?????????? Table 9 ??????  
 
 
2-5? Jen1 ?????  
? ????????????? 2-11 ?????????????????SRaff ? SGE
???????Jen1 ???????????????  
? ??? SC ?????????30°C ????????????????? OD600 = 0.25 
/mL ?????????????????30°C ? 4 ???????????????
???????OD600 = 1.0 /mL ?????? SRaff ??? SGE ??????????
?? 30°C ? 4 ??????Jen1 ????????????????????????
??????????????????  





2-6? Mup1 ??? Mup1-Jen1C-GFP ?????  
2-6-1? Mup1 ????????????? Mup1−GFP ??? Mup1−Jen1C−GFP ???
??  
? ??? SC ???????30°C ????????????????? OD600 = 0.25 /mL
?????????????????30°C ? 4 ?????????????????
?????OD600 = 1.0 /mL ?????? SRaff-Met ???????????? 30°C ?
3 ??????Mup1 ?????????????????????????????
?????????????  




2-6-2? Jen1 ????????? Mup1−GFP ??? Mup1−Jen1C−GFP ?????  
? ??? SC ?????????30°C ????????????????? OD600 = 0.25 
/mL ?????????????????30°C ? 4 ???????????????
???????OD600 = 1.0 /mL ?????? SLac-Met ???????????? 30°C
? 3 ??????Jen1 ????????????????????????????
??????????????  




2-7? ???????? GFP ????????????  
2-7-1? ???????? Jen1−GFP ?????  
? ????????????? 2-12 ??????????????????SRaff ?
SGE ???????Jen1 ????????? 2-5 ????SRaff ??? SGE ??? SLac
???????????????  
 ? Jen1−GFP ????????????? ORCA-Flash2.8?????????????
???????MetaMorph (Molecular Devices)?????????? IX71 (OLYMPUS)
?????????  
 
2-7-2? ???????? Mup1−GFP ??? Mup1−Jen1C−GFP ?????  
? Mup1−GFP ??? Mup1−Jen1C−GFP ???????????????????2-6
???? Mup1 ??? Mup1−Jen1C ?????????????500 µL ????? 1.5 
mL ??????????? 2,300 × g ? 1 ?????????? 450 µL ??????
50 µL ?????????????????????  
? ???????????Mup1 ??? Mup1−Jen1C ?????????????
SRaff-Met??? 3???????????? 20 mg/L???????????????
?????????????????????  
? ????????????? Mup1 ??? Mup1−Jen1C ?????????????
SLac-Met ??? 3 ???????????? 2%????????????????
????????????????????  
? Mup1−GFP ????????????? ORCA-Flash2.8?????????????




2-8? ???????????  (Mup1−GFP ??? Mup1−Jen1C−GFP) 
? pMup1−GFP ??? pMup1−Jen1C−GFP ????????????? 2-12 ????
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Mup1 ??????????????????????????? Mup1 ???
Mup1−Jen1C ????????????????? 20 mg/L ????????????
???  (2 g/L)????????????????????????????????
???TCA ????? 2-13 ??????????????????????????
?????? Mup1 ??? Mup1−Jen1C ?????????????????????
??????  
? ?????????? Mup1 ??? Mup1−Jen1C ????????????????
2-13 ?????????????????  
 
 
2-9? ?????????????????????????  
? ????????? 2-16 ??????????????????????????
2,000 ?????????? GFP ???Moab(mFX75)??????????????
???????????????????????????????????????
3-Phosphoglycerate kinase(PGK)????????????? PGK ??  (Clone 22C5D8?
Invitrogen)? 200,000 ?????????????????????????????






Table 6 Yeast strains used in this study 
Strain Genotype Reference 
BY4742 MATα; ura3Δ0, leu2Δ0, his3Δ1, lys2Δ0 Brachmann et al. (1) 
jen1Δ BY4742; jen1Δ::KanMX Open Biosystems 
rod1Δ BY4742; rod1Δ::KanMX Open Biosystems 





Table 7 Oligonucleotides used in this study 
Primer name Primer sequence (5’→3’) 
KM14 TATAGGGCGAATTGGAGCTCCACCGTCACTTCGGCTCCGTAAGCC 
KM15 ATTCCTGCAGCCCGGGGGATCCACTCAGCGATTTTTCTTGTTCAC 
M13 Fw GTAAAACGACGGCCAGT 










Table 8 Plasmids used in this study   
Plasmid name Genotype Reference or source 
pRS316 CEN, URA3 Sikorski and Hieter (2) 
pRS316-GFP-ADHt CEN, URA3, GFP-TADH1 Laboratory stock 
pSF3 CEN, URA3, PJEN1-JEN1-GFP This study????? 
pSF24 CEN, URA3, PMUP1-MUP1-GFP This study 
pSF35 CEN, URA3, PJEN1-jen1-H612A,I613A,E614A-GFP This study????? 
pSF43 CEN, URA3, PJEN1-MUP1-GFP This study 
pSF44 CEN, URA3, PMUP1-MUP1-JEN1(597-616)-GFP This study 
pSF45 CEN, URA3, PJEN1-MUP1-JEN1(597-616)-GFP This study 
pSF47 CEN, URA3, PJEN1-MUP1-jen1(597-616, H612A/I613A/E614A)-GFP This study 
pSF50 CEN, URA3, PMUP1-mup1-K27R,K28R-GFP This study 
pSF51 CEN, URA3, PJEN1-mup1-K27R,K28R-GFP This study 
pSF52 CEN, URA3, PMUP1-mup1-K27R,K28R-JEN1(597-616)-GFP This study 
pSF53 CEN, URA3, PJEN1-mup1-K27R,K28R-JEN1(597-616)-GFP This study 
pSF54 CEN, URA3, PJEN1-jen1-K599R,K607R -GFP This study 
pSF55 CEN, URA3, PJEN1-MUP1-jen1(597-616, K599R,K607R)-GFP This study 
 
  
Table 9. DNA fragments used for in vivo assembly of plasmids. 
Plasmid 
PCR product used for in vivo assembly 








pMup1-GFP (pSF24) Fragment 1 KM14 KM15 genomic DNA SacI/BamHI-digestedpRS316-GFP-ADHt 
pJEN1p-Mup1-GFP Fragment 1 SHO144 SHO145 genomic DNA SacI/BamHI-digestedpRS316-GFP-ADHt 
(pSF43) Fragment 2 SHO58 KM15 genomic DNA 
pMup1-Jen1(597-616)-GFP  Fragment 1 M13 Fw SHO110 pSF24 BamHI/HindIII-digested pRS316 
(pSF44) Fragment 2 SHO109 M13 Rv pSF3 
pJEN1p-Mup1-Jen1(597-616)-GFP  Fragment 1 M13 Fw SHO110 pSF43 BamHI/HindIII-digested pRS316 
(pSF45) Fragment 2 SHO109 M13 Rv pSF3 
pMup1(K27R,K28R)-GFP  Fragment 1 M13 Fw SHO221 pSF24 BamHI/HindIII-digested pRS316 
(pSF50) Fragment 2 SHO220 M13 Rv pSF24 
pJEN1p-Mup1(K27R,K28R)-GFP  Fragment 1 M13 Fw SHO221 pSF43 BamHI/HindIII-digested pRS316 
(pSF51) Fragment 2 SHO220 M13 Rv pSF43 
pJEN1p-Mup1-Jen1(597-616,  Fragment 1 M13 Fw SHO110 pSF43 BamHI/HindIII-digested pRS316 
H612A,I613A,E614A)-GFP (pSF47) Fragment 2 SHO109 M13 Rv pSF35 
pMup1(K27,28R)-Jen1(597-616)-GFP Fragment 1 M13 Fw SHO221 pSF44 BamHI/HindIII-digested pRS316 
(pSF52) Fragment 2 SHO220 M13 Rv pSF44 
pJEN1p-Mup1(K27R,K28R)-Jen1(597-616)-GFP Fragment 1 M13 Fw SHO221 pSF45 BamHI/HindIII-digested pRS316 
(pSF53) Fragment 2 SHO220 M13 Rv pSF45 
pJEN1p-Mup1-Jen1(K599R,K607R)-GFP Fragment 1 M13 Fw SHO225 pSF45 BamHI/HindIII-digested pRS316 





1. Brachmann, C. B., Davies, A., Cost, G. J., Caputo, E., Li, J., Hieter, P., and Boeke, J. D. (1998) Designer deletion strains 
derived from Saccharomyces cerevisiae S288C: a useful set of strains and plasmids for PCR-mediated gene disruption 
and other applications. Yeast 14, 115-132 
2. Sikorski, R. S., and Hieter, P. (1989) A system of shuttle vectors and yeast host strains designed for efficient 
manipulation of DNA in Saccharomyces cerevisiae. Genetics 122, 19-27 
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3. ??  
 
3-1? Jen1 ?????????????????????????????????  
 













??????????????Jen1−GFP?????????????  (Figure 14)??
??????????????????????????????????????






3-2? Rod1 ?????????? Jen1 ???? Jen1 ? C ????????????  
 
? ??????Jen1 ? Rod1 ??????? C ?????????????????
??????????????Rod1 ? Jen1 ??????????Jen1 ? C ????
?????????????? C ???????????????????????
?????  
? ???????????? Mup1 ??????????????????????
?????????????????????????? Ldb19/Art1 ???????
??   (Lin et al., 2008)?????????????Mup1 ?????????????
?????????????Mup1 ???????????????????????
????   (Lin et al., 2008; Guiney et al., 2016)?????Mup1 ? Jen1 ? C ?????
????????Rod1 ???????????????????????Mup1 ? C
??? Jen1 ? C ?????C ?? 20 ?????597-616 ?????????????
 45 
??????? Mup1−Jen1C−GFP ??????????????  (Figure 15A)???
?????????????  
 
3-2-1 ? Rsp5 ???????????????????? Mup1−GFP ???
Mup1−Jen1C−GFP ????????????????????????  
? ???Jen1C ?????????? Mup1−GFP ? Mup1−Jen1C−GFP ???????
?????????????????????????????????Mup1−GFP
? Mup1−Jen1C−GFP ?????????????????????????????
??? MUP1 ????????????????MUP1 ??????????
Mup1−GFP??? Mup1−Jen1C−GFP????? ldb19Δ???? rod1Δ????????
??????????SRaff-Met ????????????????????????
??????????????????????????????? Mup1−GFP ?
Mup1−Jen1C−GFP ?????????????????Figure 15 B and C; +Met, 0 min??
????????? 60 ?????rod1Δ????? Mup1−GFP ? Mup1−Jen1C−GFP ?
?????????????????Figure 15 B; +Met, 60 min????? ldb19Δ???
Mup1−GFP?Mup1−Jen1C−GFP?????????????????????Figure 15 
C; +Met, 60 min???????????Mup1−Jen1C−GFP ? Mup1−GFP ???? Ldb19
??????????????????????????????????????
? Jen1C ??? Mup1 ????????????????????????????? 
 
Mup1 ??????????????? Rod1 ????????????????ROD1
?????????????????? Mup1 ?????????????????
???MUP1 ?????????? Mup1−GFP ????? rod1Δ?? SRaff-Met ???
??????? Mup1 ????????????????????????????
????? Mup1 ???????????????????????????????





?????????????????????  (Figure 15B)????????Mup1 ?
Jen1 ? C ??????????Mup1 ?????????????????????
????????????  
? ??????? Mup1−Jen1C−GFP ????????????????Mup1 ???
??????????? Ldb19 ????????????????????????
MUP1p−Mup1−Jen1C−GFP ??? MUP1p−Mup1−GFP ?????ldb19Δ???????





???????????  (Figure 15C)?????Mup1−Jen1C ???????????
?????Mup1 ????Ldb19 ????????????????????????
??????? Mup1−Jen1C ????????Mup1 ???????????????
???????????  
 
3-2-2? Mup1−Jen1C ??????????????????????  
? ???Mup1 ? Mup1−Jen1C ?????????????????????????
??????Mup1−GFP ? Mup1−Jen1C−GFP ??????????????????
????????? JEN1 ???????????????????????????
?????????????????????????Mup1−GFP ? Mup1−Jen1C−GFP
??????????????Figure 16A; WT, 0 min???????????????
???????Mup1−GFP ? 120 ?????????????????????
Mup1−Jen1C−GFP ???????????????????? 120 ????????
??????????????  (Figure 16A; WT, 120 min)?????????????
??????Mup1−GFP ? Mup1−Jen1C−GFP ??????????????????
?????????????????????????????????????
Mup1−Jen1C−GFP ????????????????????????????  
(Figure 16B)?  




?????  (Figure 16)????????Rod1??????????????Mup1−Jen1C
??????????????  
? ????Rod1 ? Mup1−Jen1C−GFP ? Jen1 C ?????????????????





????????? Mup1−Jen1C(3A)−GFP ?????????  (Figure 16B)????
???Rod1 ? Mup1−Jen1C−GFP ? Jen1C ????????????????????





3-3? Mup1−Jen1C??????? Rsp5?????????????????????  
 
? 3-2 ???Mup1 ?????????????? Ldb19 ?????????????
?????????????????????? Mup1−Jen1C ??????? Ldb19
?????????Rod1 ???????????????????????? Mup1
??????????????Ldb19 ????????????? Mup1 ? N ???
?????????????????  (Guiney et al., 2016)????????3-1 ??
Mup1−Jen1C ???????????????Rod1 ???????? C ??????
??? Jen1 C ??????????????????????? Rsp5 ??????
?????????Rsp5 ???????????????????????????




3-3-1? Mup1−Jen1C ?????????????????  
? Mup1 ???????????????????Mup1 ? N ????? 27 ??? 28
??????????????????????????????  (Guiney et al., 
2016)?????Mup1−Jen1C−GFP ? 27 ??? 28 ????????????????
??? Mup1(K27R,K28R)−Jen1C−GFP?Figure 17A????????????????
?????????  
? ?????????? Mup1(K27R,K28R)−Jen1C−GFP ? MUP1 ?????????
?????????????????????????????????? K27R,K28R




?????? Mup1−GFP ??????????????? Figure 17B and C??
Mup1(K27R,K28R)−Jen1C−GFP ???? Mup1−Jen1C−GFP ????????????
????Figure 17B and C??????? Jen1C ?????????? Mup1 ?????
??????? K27R,K28R ???????????????????????
Mup1−Jen1C−GFP ??????????????????????????????
?? Mup1 ???? vrp1Δ ???????????????????????????
???????????????????????  3-2-1 ????Mup1−GFP ?
Mup1−Jen1C−GFP ??????????????????????????????
???????Mup1(K27R,K28R)−GFP ? Mup1(K27R,K28R)−Jen1C−GFP ??????
???????????????????????????  (Figure 17D)??????
????Ldb19-Rsp5 ?????? Mup1−Jen1C ?????????????????




3-3-2? Mup1−Jen1C ?????????????????  
? ???Mup1−Jen1C−GFP ? Rod1 ????????????????????27 ?
?? 28 ?????????????????????????????










?????????????????????????????????  (Figure 18C)?
?????????Rod1 ????????????? Mup1−Jen1C−GFP ??????
???Ldb19 ????????????????????????????????
??????????????  
? ????Rod1 ???????????? Mup1−Jen1C−GFP ???????????
???????????Mup1 ?????? Jen1 ? C ????????? 2 ????
????Jen1 ???????? 599 ??? 607 ?????????????????
? 2 ???????????????????????????????? 2 ???
?????????????  (Mup1−Jen1C(K599R,K607R)−GFP; Figure 18A)????







?????Mup1−Jen1C−GFP ? Mup1(K27R,K28R)−Jen1C−GFP ??????????
??????????????????????????????????  (Figure 
18C)?????????Mup1−Jen1C−GFP ?????????? Rod1 ???????
????????????? Jen1 ? C ?????????????????????
????????  







3-4? Jen1 ? C ???????????????????????  
? 3-3 ????????????? Mup1−Jen1C ?????????????????
Jen1C ????????????????????????????????????
???????????????Lys599, Lys607?? Jen1 ? Rod1 ??????????
????????????????????????????  
? Jen1 ? 599 ??? 607 ???????????????????????
Jen1(K599R,K607R)−GFP ? jen1Δ ???????????????? Jen1 ?????
? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
Jen1(K599R,K607R)−GFP ????????????  (Figure 19A and B)???????
???????????????????????????????????????
Jen1???????? vrp1Δ??????????????????????????
Jen1(K599R,K607R)−GFP ??????? Jen1 ??????????????????
????????????????  (Figure 19C)????????Jen1 ? C ????
?????? 599 ??? 607 ?????????????????????????
????????????????????  
 
? ????????Jen1 ? C ?????????????? Rod1 ????????
Rod1-Rsp5 ?????????????????????????????????
???Jen1 ? C ????????????????????  (degron)???????
???????  
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?????????  (Cain and Kaiser, 2011; Keener and Babst, 2013; Ghaddar et al., 2014; 
Guiney et al., 2016)????????????????? Jen1 ???????????
??????????????????????????????????????
????????????????????????????????????Jen1




?Jen1 ?????????????????????????  
? ???????????????????????????????????? /?
??????????? Jen1−GFP ???????????????????????
??????  (Figure 14)??????Jen1 ???????????????????
???????????????????????????  
? ????Mup1 ? Jen1 ? C ?????????????????????? Rod1
?????????????????????  (Figure 16)????????Jen1 ??
???????????Jen1 ? C ????? Rod1 ???????????????
??????? Jen1?????????????????????????????
???????????? Mup1 ???????????????????????




????????????? Jen1 ? C ??????????????????  
? ???????????????????Rod1?????????????????
???????Rod1 ????? Jen ? C ???????? His612?Ile613?Glu614???
???????????????????????Rod1 ? Jen1 ??????Jen1 ?
??????????????????????????????????????
????????????Rod1 ????????? Jen1 C ????????????
?????  (Figure 20)?????? degron ????? Jen1−Rod1 ?????????
??????????????????? Gap1 ? degron ????????????
???????????  Gap1 ????????????????????????
??????????????????????????????????????
????????????TOR (target of rapamycin)??? 1 (TORC1)????????
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?  (Merhi and Andre, 2012; Ghaddar et al., 2014)??????????? Bul ?????
???????? Npr1 ???????????Sit4 ???????????????
??Rsp5 ?????Bul1 ??? Bul2 ?????????????????????
????? Bul1/2 ??Gap1 ?????????????? N ??????????
????? 9 ????? 16 ?????????????????  (Merhi and Andre, 
2012; Ghaddar et al., 2014)????????????? Gap1 ??????? TORC1 ?
??????????????????????  (Ghaddar et al., 2014)??????






? ???Rod1 ? Jen1 ??????????????????-???????? Ste2
????????? Rsp5 ????????????????????????  
(Alvaro et al., 2014)?Rod1 ??? Jen1 ? Ste1 ?????????Alvaro ?????Ste2
? C ?? 135 ??? in vitro ? Rod1 ?????????????????G ????




????????  (Chang et al., 2014)?????Rod1 ??????????????
??????????????????????????????????????






? ????Jen1 ? N ?????????????????????????????
????????????????Talaia ??????????????? Jen1 ??
?????????????????Rod1 ???????????????????
?????Bul1/2 ???????????????????????????  (Talaia 
et al., 2017)??????Bul1/2 ? Jen1 ????????? Jen1 ??????????
?????????????????????????????????Bul1/2 ? Jen1
? N ?????????????????????????Fur4 ? Mup1 ????Jen1
? N ?????????????????????????? degron ???????
? Bul1/2 ??????????????????????Jen1 ? Bul1/2 ??????
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????????????? N ?? degron ???????????????  
 
?Jen1 ? C ?? degron ??????????  
? ??????????Jen1 ? Lys599??? Lys607???????????????
? Jen1 ??????????????????????????????Mup1 ??
?????????????Ldb19−Rsp5 ???? N ??????????? N ??
??????????????????????????????????????
??????????? Gap1 ?????????????????? N ?????
??????????????????????????????????????
????????  (Soetens et al., 2001; Merhi et al., 2011)?????????????
??????????????????????????????????????




??????? 338 ????????????????????? Jen1 ??????
??????????????????????  (Paiva et al., 2009)??????




???????????????  (Figure 18)?Jen1 ????Mup1-Jen1C ??????






????????????????????????????????  (Lin et al., 
2008; Nikko and Pelham, 2009; Talaia et al., 2017)?????Gap1 ??????????
??????????????????????????????????????
? ; Bul1/2??????? ; Aly1/2 ??? Bul1/2?????????Aly1/2 ?????
??? 16 ???????????????????Blu1/2 ???????? 9 ???
















FIGURE 14. Glucose-induced endocytosis of Jen1 occurs even in the absence of its substrates. 
The jen1∆ cells harboring pJen1-GFP was grown in HC medium to an early log phase, and then 
transferred to HC(Raf) or HC(EG) medium. After 4 h incubation, glucose (a final concentration of 
2%) was added to the culture to chase localization shift of GFP-fused Jen1. Subcellular localization 






























FIGURE 15. Methionine-induced internalization of Mup1−JenC was dependent on Ldb19, but not Rod1. 
A, Schematic depictions of Mup1 and Mup1-Jen1C. The C-terminal 20-amino-acid region (Jen1 C-tail) was 
fused to the C-terminus of Mup1. B and C, The rod1∆ (B) or ldb19∆ (C) cells expressing Mup1−GFP (pSF24) 
or Mup1−Jen1C−GFP (pSF44) under the control of the MUP1 promoter were grown in HC medium to an early 
log phase, and then transferred to HC(Raf) medium lacking methionine. After 3 h incubation, methionine (a 
final concentration of 0.002%) was added to the culture to chase localization shift of GFP-fused proteins. 
Subcellular localization of Mup1−GFP or Mup1−Jen1C−GFP was observed by fluorescence microscopy. The 
scale bar indicates 5 µm.
FIGURE 16. Transplanting the Jen1 C-tail to Mup1 leads to Rod1-dependent endocytosis of Mup1. 
A and B, The wild-type (WT) or rod1∆ cells expressing Mup1−GFP (pSF43), Mup1−Jen1C−GFP 
(pSF45), or Mup1−Jen1C(3A)−GFP  (pSF47) under the control of the JEN1 promoter were grown in HC 
medium to an early log phase, and then transferred to HC(Lac) medium lacking methionine. After 3 h 
incubation, glucose was added to the culture to chase localization shift (A) and degradation (B) of 
GFP-fused proteins. Subcellular localization of Mup1−GFP or Mup1−Jen1C−GFP was observed by 
fluorescence microscopy. The scale bar indicates 5 µm. Degradation of GFP-fused proteins was 
monitored by immunoblot analysis using an anti-GFP antibody.
B
A













FIGURE 17. Ubiquitination at the Lys27 and Lys28 residues of Mup1−Jen1C is required for its 
methionine-induced endocytosis. A, Schematic depiction of Mup1−Jen1C. Lysine residues that replaced 
arginine are highlighted. B and C, The wild-type cells expressing Mup1−GFP, Mup1−Jen1C−GFP, Mup1
(K27R,K28R)−GFP (pSF50), or Mup1(K27R,K28R)−Jen1C−GFP (pSF52) under the control of the MUP1 
promoter were grown as described in Fig. 14 and analyzed by fluorescence microscopy (B) and immnoblot 
(C). The scale bar indicates 5 µm. D, The vrp1∆ cells expressing Mup1−GFP, Mup1−Jen1C−GFP, Mup1−
Jen1C−GFP or Mup1(K27R,K28R)−Jen1C−GFP from the MUP1 promoter were grown as described in Fig. 
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FIGURE 18. Lysine residues in the Jen1 C-tail are important for Rod1-dependent 
ubiquitination of Mup1-Jen1C. A, Schematic depiction of Mup1−Jen1C. Lysine residues that 
replaced arginine are highlighted. B, Internalization of Mup1(K27R,K28R)−GFP (pSF51), Mup1
(K27R,K28R)−Jen1C−GFP (pSF53), and Mup1−Jen1C(K599R,K607R)−GFP (pSF55)  expressed 
from the JEN1 promoter in wild-type cells was analyzed as described in Fig. 16. The scale bar 
indicates 5 µm. C, Protein extracts of vrp1∆ cells expressing Mup1−GFP, Mup1(K27R,K28R)−
GFP, Mup1−Jen1C−GFP, Mup1(K27R,K28R)−Jen1C−GFP, or Mup1−Jen1C(K599R,K607R)−
GFP from the JEN1 promoter were grown as described in Fig. 16 and analyzed by immunoblot as 




























FIGURE 19. Mutations of Lys599 and Lys607 in the Jen1 C-tail render Jen1 resistant to 
glucose-induced endocytosis. A and B, jen1∆ cells expressing Jen1(K599R,K607R)−GFP (pSF54) 
were subjected to fluorescence microscopic (A) and immunoblot analyses (B) as described in Fig. 1. 
The scale bar indicates 5 µm. C, vrp1∆  cells expressing wild-type Jen1−GFP or Jen1
(K599R,K607R)−GFP were subjected to immunoblot analysis as described in Fig. 2B.
A





























FIGURE 20. Model for substrate-induced ubiquitination of plasma membrane 
















??? Rod1 ? Jen1 ? C ???????????????????????????
??????????????????????????????????????
??????????????? Mup1? C??? Jen1? C???????????
???????????? Rod1 ????????????????????????
??????????Jen1 ? C ????? Rod1 ????????????????
??????????????????Rod1 ? Jen1 ?????????????Jen1
? C ?????????????????????????????Jen1 ? C ???
????????????????? degron ??????????????????
? Jen1 ? Rod1 ?????? BiFC ????????  (Figures 8 and 12)?Mup1−Jen1C
??????????????  (Figures 16 and 18)?Rod1 ? Jen1 ? degron ?????
??????????????????????????????????????
?? degron ??????? Jen1 C ????? Rod1 ???????????????
?????????Rod1 ??????????????????????? Rod1 ?
?????? Jen1 ??????????????????Rod1 ??????????
???????????????????????????????  (Shinoda and 
Kikuchi, 2007; Becuwe et al., 2012; Alvaro et al., 2016)?Shinoda ? Kikuchi?Becuwe ??
?? Rod1 ???????????? Snf1 ???????????????????
????????????????? Reg1−Glc7 ????????????????
?????????????????????????????????????
Snf1 ???????????????????????  (Alvaro et al., 2016)?Rod1 ?
????????????????????????? Gap1 ???????????
????????? Bul1 ????????? Bul2 ???????????????
????? Sit4 ???????????????? Gap1 ?????????????
???????  (Merhi and André, 2012)?????Rod1 ?????????????
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? Rod1 ????????????? Hxt1 ? Hxt3?Hxt6?????????? Stl1?
??? GPCR ???α-???????? Ste2 ???????????????  
(Nikko and Pelham, 2009; Alvaro  et al. ,  2014; Becuwe and Léon, 2014; O'Donnell  et al. ,  
2015)????????????Stl1 ??????????????????????
??????????????????????????????????  (Becuwe 
and Léon, 2014)?????Hxt6 ????????????????????????
?? Rod1 ?????????????????????????Rod1 ??????
??????????????????????????????????????




???????????????? ; 2-deoxyglucose????? Rod1 ????????
??????????  (O'Donnell et al., 2015)???????Rod1 ?????????
? Reg1−Glc7 ????????????????????????????????
???Jen1 ????????????????????  (Becuwe et al., 2012)????
??Hxt1/3 ???????????????????? Rod1 ???????????
??????????????????????Rod1 ??????????????
?????????????????????????????Rod1 ???????
?????????????????????????????Hxt1 ? hxt3 ????
??Rod1 ?????????? Jen1 ? Hxt6 ??????????????????
???????????????????????????????? 2-deoxyglucose
???????? Snf1 ??????????????????  (McCartney et al., 
2014)?Snf1 ???????????????????????????? Mig1 ??
??????????????????????????? 2-deoxyglucose ????
????? Snf1 ??Mig1 ?????????????????????  (DeVit and 
Johnston, 1999; McCartney et al., 2014; Shashkova et al., 2017)????? Snf1 ?
2-deoxyglucose ????????????????????????? Snf1 ????
?????????????????????????????????? Snf1 ??
?? Rod1 ?????????????????????????????????





??????? Ste2 ????????????Rod1 ????? Snf1 ? Reg1 ????
??Ypk1 ???????????????? Ca2+????????????????
?????????????????  (Alvaro et al., 2014; Alvaro et al., 2016)????
??????????????? /????????????? Rod1 ???????
??????????????  (Alvaro et al., 2016)???????????????
??? 2-deoxyglucose ??????????????????????Jen1 ? Hxt6
???????????????????????? Rod1??????? Hxt1? Hxt3
???????????????????????????????????????
Jen1 ???????? Bul1 ??????????????????????????
??????????????????????????????????  
(Hovsepian et al., 2018)?Bul1/2 ?????????????????????????




??????????Jen1????????????????  (Hovsepian et al., 2018)?
Bul ???????????????????? Tat2???????? Fur4????
????? Ctr1 ???????????????????????????????
????????????????  (Helliwell et al., 2001; Soetens et al., 2001; 
Umebayashi and Nakano, 2003; Liu et al., 2007; Nikko and Pelham, 2009)????????
??????????????????????????????????????









???????????????  (Olson and Pessin, 1995; Watson and Pessin, 2006)??
???????????????????????-????? Thioredoxin-interacting 
protein (TXNIP)?????????  (Parikh et al., 2007; Wu et al., 2013; Waldhart et al., 
2017b)??????????????????????????????? B ? TXNIP
? 308 ?????????????????? TXNIP ?????????????
GLUT4 ????????????????????????????????  
(Waldhart et al., 2017)???????GLUT4 ???????????????????
??????????????????????????????????????
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?????  (Morrison et al., 2014)?????????????????????α-??
??? ARRDC3 ???????????????????????????? ITGβ4 
(β4 integrin)???????????????????????????  (Draheim et 
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